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EFFECT OF ADDED PHOSPHATE ON GLUTAMINE DESAMIDATION IN TUMORS! 
By Jesse P. GREENSTEIN, chief biochemist, and FLORENCE M. LeurHarpt, assistant biochemist, National Cancer Institute, 
National Institute of Health, United States Public Health Service 


INTRODUCTION 


The enzymatic desamidation of glutamine oc- 
curs relatively slowly in aqueous extracts of nor- 
mal liver, brain, and spleen, and relatively rapidly 
in aqueous extracts of normal kidney (7). In the 
presence of added phosphate the desamidation of 
glutamine is considerably accelerated in extracts 
of liver, brain, and spleen, but not in extracts of 
kidney (7,2). In view of these and other findings, 
it appears probable that at least two different 
glutaminases exist in animal tissues, one of which 
may be designated as a “kidney-type,” the other 
as a “liver (or brain or spleen) -type” glutaminase 
(7) Such a probability, on other grounds, has 
been expressed by Krebs (2). 

It was considered of interest to determine which 
type of glutaminase exists in various animal 
tumors, using as the criterion the effect of phos- 
phate upon the desamidation of glutamine in 
aqueous extracts of the tumors. If the glutamin- 
ase activity of a tumor responds to added phos- 
phate it may be considered to be of the liver type. 
whereas if it is unresponsive to added phosphate 
it may be considered to be of the kidney type. 


EXPERIMENTAL PROCEDURE 


The tumors studied included the primary rat 
hepatoma induced by the feeding of p-dimethyl- 
aminoazobenzene (J. White), transplanted mouse 
hepatoma 112-B (Eschenbrenner), transplanted 
mouse leukemia 1813 (Dunn), transplanted Earle 
mouse sarcoma HGW (Dunn), transplanted mouse 
amelanotic-C-melanoma (Algire), and trans- 
planted mouse mammary tumor CAF (J. White). 
The tumors were removed immediately from the 
animals killed, and the necrotic areas carefully 


1 Received for publication December 22, 1947. 
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dlissected and discarded. The tissues were then 
ground toa paste with sand in a glass mortar, taken 
up in three times the weight of distilled water, and 
lightly centrifuged. The supernatant served as 
the source of the enzyme or enzymes involved and 
was employed within a half hour of preparation. 

The digests consisted of 1 cc. of extract, plus 
2 cc. of the Sérenson glycine-NaCl-NaOH buffer 
with or without added disodium phosphate, plus 
1 ce. of either water or 0.014M glutamine solution. 
The final concentration of added phosphate in the 
digests was 0.01M. The composition of the buffer 
was carefully adjusted so that the pH of each 
digest was 8.10+0.05. The incubation period was 
1 hour at 37° C. Glutaminase activity was meas- 
ured by the ammonia produced in digests contain- 
ing glutamine over that noted in the tissue extract 
controls (7). No ammonia appeared in digests 
of glutamine with boiled extracts containing added 
phosphate. The data are given in table 1. It is 
clear that the desamidation of glutamine in digests 
of all the tumors studied is considerably acceler- 
ated in the presence of added phosphate. 


TABLE 1.—Effect of added phosphate on the desaumidation 
of glutamine in tumors 


Ammonia produced in 
digests of glutamine 


Tumor | 
Without | With 
added added 
phosphate phosphate 


Micromoles | Micromoles 


0 10.0 
Transplanted mouse hepatoma 112-B____.__-- 2.0 5.0 
Transplanted mouse leukemia 1813... 5.0 | 11.0 
Transplanted Earle mouse sarcoma HGW daa 4.0 10.0 
Transplanted mouse amelanotic-C-melanoma. 2.4 11.2 
Transplanted mouse mammary tumor CAF__-___- 18 10.1 


1 Complete hydrolysis of the glutamine would yield 14.0 micromoles of 
ammonia. 
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DISCUSSION 


The fact that the desamidation of glutamine 
in digests of the tumors studied is accelerated by 
added phosphate indicates that the glutaminase 
of such tumors is of the liver rather than of the 
kidney type (table 1). Whether all tumors pos- 
sess this faculty cannot be answered at the present 
time in view of the relatively few kinds of tumors 
studied. 

Comparison of the glutaminase activity (in 
absence of added phosphate) of normal liver of 
rats and of mice with the corresponding hepatomas 
shows that the activity of the tumors is much 
greater than that of the tissues of origin (4) 
(table 1). In the presence of added phosphate, 
the glutaminase activity of liver and of hepatoma 
is nearly equal (2). The difference in glutami- 
nase activity of liver and of hepatoma is not due 
to the presence of more inorganic phosphate in 
the tumor extracts, for the phosphate concentra- 
tions of liver and of hepatoma extracts are nearly 
equal (ca. 3 10M in an extract of 1 gm. of tissue 

in 3 ce. of water). 

Pyruvate added to a digest of liver with gluta- 
“mine also results in an acceleration of desamida- 
tion (5,6). This effect is not noted in any other 
normal or tumor tissue studied, except the hepa- 


toma (4). The effect of pyruvate on the desa- 
midation of glutamine in liver and hepatoma di- 
gests is not believed to be the result of an activa- 
tion of glutaminase activity per se, but to a pri- 
mary condensation of the keto acid with the amide 
group to form a dehydropeptide bond, which is 
subsequently hydrolyzed by dehydropeptidase. 

It is possible to distinguish a hepatoma from 
other tumors on the basis of the faculty of this 
tumor to desamidate glutamine more rapidly when 
added pyruvate is present. On the other hand, 
since all the tumors here studied caused an accele- 
rated desamidation of glutamine in the presence 
of added phosphate, it is impossible on this basis 
to distinguish one tumor from another. 


SUMMARY 


Glutamine incubated with digests of primary 
rat hepatoma, transplanted mouse hepatoma, 
transplanted mouse sarcoma, transplanted mouse 
leukemia, transplanted mouse amelanotic mela- 
noma, and transplanted mouse mammary tumor 
was more rapidly desamidated when phosphate 
was added to the digests. The more rapid des- 
amidation indicates that these tumors possess a 
glutaminase of the liver rather than of the kidney 
type. 
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EFFECT OF THE INJECTION OF VARIOUS SUBSTANCES UPON THE IN VIVO 
ELECTRICAL RESISTANCE OF RATS? 


By Hersert KAHLER, senior biophysicist, with the technical assistance of GkoRGE BUCHANAN, National Cancer Institute, 
National Institute of Health, United States Public Health Service 


INTRODUCTION 


A large number of electrical conductivity studies 
have been made on various tissues, both plant and 
animal, a brief summary of the work being given 
by Cole (7,2). Most of the work to date has been 
done upon excised tissue, a small piece of which 
is placed between platinum electrodes in conduc- 
tivity cells of various shapes. In the more elab- 
orate studies, the frequency of the alternating cur- 
rent used in the measurements has been varied 
from 0 to 10,000,000 per second, in an endeavor to 
determine not only the tissue fluid conductivity but 
also some of the characteristics of the various tissue 
membranes. 

The summary of these results, in a sentence, is 
quoted from Cole (7): 


Most of these investigations have been interpreted on the 
assumption that a major portion of the observed resistance 
Was due to cell membranes, and that changes in resistance 
Were due primarily to changes in membrane permeability 
and resistance. 


It appears that tissue is so complex that the at- 
tempts to characterize the electrical properties of 
the various specific elements making up the tissue 
have not been successful. 

The present study was undertaken in order to 
determine if massive intraperitoneal injections of 
sugar would be accompanied by electrical resist- 
ance changes in the living animal’s tissue. 


MATERIALS AND METHOD 


Measurements were made upon living rats, 
usually under urethane anesthesia. Similar meas- 
urements were carried out on mice, but in general 
rats proved more satisfactory because of their 
larger size. Two types of measurements were car- 
ried out: (1) Platinized-platinum wire electrodes 
were inserted into the tissue, and the resistance 
of the tissue between the electrodes was deter- 
mined (3). One of the most suitable tissues for 
study was found to be a transplanted lymphosar- 
coma. (2) Contact was made with a front and a 
hind leg by means of a cloth strap saturated with 
1-percent saline solution, and the resistance of the 
body between the two legs was determined. 


1 Received for publication May 28, 1947. 


The resistance was measured with a Jones con- 
ductivity bridge, the alternating current being 
taken from an audio oscillator set at 5,000 
cycles/second and the current to the detector am- 
plified with a 4-tube alternating-current audio am- 
plifier. The impedance balance was made by 
adjusting the bridge resistance Re and auxiliary 
condensers in parallel. All measurements were 
made at the one frequency 5,000/second, since at 
this frequency the polarization error with platin- 
ized-platinum electrodes for electrolytic solutions 
is small. 

At 5,000 cycles/second, the impedance of the 
bridge or measuring circuit is equivalent to the 
impedance of the tissue. In general, however, the 
impedance of the tissue is an unknown function of 
the electrolytic resistance of the fluids in the tissue 
and the capacitive reactance X of the membranes. 
By going to frequencies (w) of the order 10* to 10° 
cycles per second, it has usually been assumed that 
the reactance of the membranes approaches zero. 
X=1/0C-0 as (w) so that at these high fre- 
quencies the tissue impedance is a pure resistance. 
In future investigations on systems of the type here 
studied, it would therefore be advantageous to 
study the impedance at very high frequencies as 
well as at low frequencies. However, some of the 
effects obtained at 5,000 cycles were of such a large 
magnitude that the small changes in capacity ex- 
erted an insignificant effect on the relative values 
obtained for bridge balance; correction for phase 
angle would simply lower all values by about 15 
percent, without materially altering the relative 
changes due to sugar injection. 

The platinum electrodes used were of two types: 
(1) Two stout platinum wires sealed in glass tubes 
with about an 8-mm. length of wire extending from 
the seal. The glass tubes were mounted in a small 
plastic frame which could be raised or lowered 
with a rack-and-pinion adjustment. The elec- 
trodes were platinized in the usual manner. (2) 
Three platinum electrodes were mounted in a bake- 
lite holder at the corners of a triangle. The dis- 
tance bet ween electrode wires was 4, 6.5, and 9 mm. 
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so that measurements could be made at three dis- 
tances between electrodes. 


RESULTS 


In vitro measurements with the three-electrode 
assembly are shown in figure 1. 

Here the resistances for different concentrations 
of salt were measured against distance between the 
electrodes when the electrodes were just completely 
immersed in the solution. 2,, the parallel resist- 
ance, is a function not only of the solution and 
electrode separation but also of the shape of the 
vessel or conducting system. 

To get a comparison under similar conditions 
with tissue, the same electrodes were inserted into 
a transplanted lymphosarcoma before and 114 
hours after a massive intraperitoneal 
glucose 600 mg./100 gm. body weight. Before 
injection, the resistance between the electrodes in 
the tumor is equivalent to the resistance between 
the electrodes in 0.0LN NaCl at 38° C. 

This experiment shows that the effect of elec- 
trode separation in a tumor free of necrotic regions 
is similar to that in a pure solution; no great local 
variations are found. 

The time sequence for the resistance changes be- 
fore and after intraperitoneal injection of glucose 
is shown in figure 2 for the three-electrode assem- 
bly. The resistance increase is of the order of 50 
percent in about 1 hour. All three regions (the 
regions between electrodes A-B, B-C, and A-C) 
show a similar relative time sequence. The time 
required for the resistance to return to the start- 
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Figure 1.—Effect of salt concentration and electrode spac- 
ing upon in vitro resistance (open circles) ; resistance 
values when the electrodes are inserted in a lymphosar- 
coma of a rat before and 1 hour after glucose injection 
intraperitoneally (squares), (triangles). 
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Figure 2.—Time sequence of resistance values when mul- 
tiple electrodes are inserted into tumor. Open circles, 
spacing +4 mm.; squares, 6 mm.; closed circles, 9 mm. 
Arrow indicates injection of 2.8 ce. of 20-percent glucose 
solution intraperitoneally. 


ing value after the maximum was about twice the 
time to attain the maximum value. 

For simplicity most of the experiments were 
made with a two-electrode assembly. Two plati- 
nized-platinum electrodes were inserted into the 
tumor tissue, and the time sequence of 2, was ob- 
tained for various conditions. In figure 3 is shown 
the effect of intraperitoneal injections of glucose, 
lactic acid, arabinose, and galactose. There was no 
marked difference between the effects of these four 
compounds, in marked contrast with pH changes 
previously noted (4,5). 

The time sequence of 2, values obtained with the 
two-electrode assembly when the electrodes were 
inserted into the thigh muscle is shown in figure 4. 
The changes following glucose injection into the 
peritoneal cavity are similar in character to those 
in tumor. 

If a cloth band or wick saturated with saline is 
strapped around the foreleg and the hind leg and 
the resistance of the intervening body of the nor- 
mal rat is measured, qualitatively similar effects 
are obtained. The resistance is several times the 
value for a small electrode spacing, as shown in 
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Fictre 3.—Two electrodes, lymphosarcoma: Open circles, 
lactic acid 415 mg. per 100 gm.; squares, arabinose: tri- 
angles, glucose; closed circles, galactose. All injections 
intraperitoneal, 600 mg. per 100 gm. exlactice acid. 


figure 5. In this experiment, the change in resis*- 
ance for two doses of glucose is compared, (1) 600 
mg./100 gm. of glucose, and (2) one-fifth this dose 
on a weight basis. As can be seen, the change in 
PR, is roughly proportional to the intraperitoneal 
dose. 

Urea was injected intraperitoneally. The in- 
crease of resistance for this is shown in figure 6. 

The injection of sodium chloride into the peri- 
toneal cavity of a normal rat produced an oppo- 
site effect on the electrical resistance from that 
produced with nonelectrolytes (fig. 6). Similar 
large decreases in resistance were noted when the 
platinum electrodes were used. The changes fol- 
lowing sodium chloride injection took place more 
rapidly than those following glucose injection. 

Table 1 shows the changes in resistance (ohms) 
and capacity (micromicrofarads) in parallel in the 
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Figure 4.—Normal rat. Electrodes in thigh muscle ; intra- 
peritoneal injection of glucose. 


HOURS 
FIGURE 5.—Nine-tenths percent saline-saturated cloth con- 
tacts with front and rear legs. Closed circles, full dose 
of glucose; open circles, one-fifth dose of glucose intra- 
peritoneally. 


balancing arm of the bridge, when platinized- 
platinum electrodes inserted into a tumor are used, 
As shown by the relatively slight change in capac- 
ity before and after glucose injection, the primary 
change is one of electrolytic resistance. 

Table 2 shows the changes in temperature dur- 
ing the course of a typical experiment. These 
small changes are not correlated with the changes 
of resistance, 


INTRAVENOUS INJECTION OF GLUCOSE 
The course of the resistance change was followed 
when a smaller dose (two-thirds) of glucose was 
injected into the femoral vein of rats bearing a 
transplanted Ivmphosarcoma. Here again there 


Taste 1.—Platinized-platinum wire electrodes inserted 
into rat lymphosarcoma in vivo* 


Time R, | 

Ohms | Micromicrofarads 

O51 411 2, 160 
433 | 2, 159 
434 2, 164 
10:38 435 2, 166 
10:51 - 436 2, 166 
11:06 435 2, 166 
12. 512 | 2, 160 
| 54 | 2, 158 
11:51 -| 595 | 2, 154 
| 618 | 2, 152 


| R, and C, are the resistance and capacity in parallel (measured values) 
a c. frequency, 5,000 cycles. 

? Urethane anesthesia. 

3 Glucose injected intraperitoneallv. 
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counts were made before and after injection of the 
These counts verified that the volume had 


sugar. 
increased approximately 
where V, and V. are the volumes and @, and (, 
are the cell counts or relative concentrations. This 
increase in volume is of the order of 15 percent. 


V/V 


since 


INTRAPERITONEAL FLUID 


It was desirable to supplement the data already 
reported in the literature (6, 7) by measurements 
on the time sequences of change in volume of fluid 
in the peritoneum and some of its properties. Rats 
were injected with a 19.1-percent solution of glu- 
cose intraperitoneally at a dose of 570 mg./100 
gm. body weight. At successive intervals the ani- 
mals were killed, and the volume of fluid in the 
peritoneum, its conductivity, and chloride and 
glucose concentration were measured. The results 
are shown in table 3. The volume of fluid in- 
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Fictre 6.—Resistance between front and hind legs of nor- 
mal rat. Open circles, 8.2 ce. 20-percent NaC] solution. 
At D, the animal died. Closed circles, 5 ce. of 20-per- 
cent solution of urea. 


Was an increase in resistance between the two elec- 
trodes in the tumor following glucose administra- 
tion (fig. 7), though the change was less than for 
intraperitoneal injections. 

It was expected that there would be an increase 
in blood volume due to the injected sugar solu- 
tion in the blood stream and to the subsequent flow 
into the vascular system. Accordingly, blood-cell 


Taste 2.—Fluid contact on extremities (left foreleg, 
right hind leg) of normal rat under urethane anes- 


thesia * 
Tima > Rectal tem- 
Pime Rp perature 
Ohms <. 
11:02 39.5 
11:05 39.5 
11.07 
11:20? 
12:11 
2:15 4,740 
2:33 4,745 
300) 4, 766 
3:25 4, 753 
3:27 3 
3:33 4, 800 
344 4, 870 
3:53 4,919 
4:06 4, O80 
4:17 5, 000 


' Rp, the resistance value in parallel; a. c. frequency, 5,000 cycles. 
? Urethane anesthesia intraperitoneally. 
3 Glucose 1.2 ce. of 20-percent solution. 


creased rapidly the first hour, then more slowly 
until the third hour when it was three times the 
injected volume, after which it slowly decreased. 
This obviously indicated a dehydration of the rat 
tissue. The conductivity of the fluid increased in 
a somewhat parallel manner to the increase in 
volume indicating a large withdrawal of conduct- 
ing electrolyte from the tissue fluid. The total 
amount of glucose in grams in the peritoneal fluid 
dropped to 53 percent of the total weight injected 
in 6 minutes followed by a slower decrease up to 
6 hours, the duration of the experiment. This 
rapid absorption of glucose during the first 6 min- 
utes Was not accompanied by a corresponding 
change in electrical conductivity in the animal. 


700 


HOURS 
Fictre 7.—Resistance between platinized electrodes in 
tumor, glucose being injected into the femoral vein ; two 
experiments. 
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TABLE 3.—Properties of fluid in the peritoneum* 


| 
Vol- | Glucose 
ume of | concen- 
fluid | tration 


Chlo- 
Time ride 
Rats after 


concen- Conductivity of fluid 
per test injee- | | tration Ratio Conductivity of 0.9 
(number) tion of ical in mil- percent NaCl 
glucose | perito- analy- 
neum sis 
Min- | Milli- Per- 
utes liters | cent 
15 5.8 4.8 56.4 
3 30 8.2 3.7 7a 65.1 
Hours 
5 1 10.5 2.5 ae 79 
5 2 11.5 17 sy AS 
5 3 12.2 1.3 102 95 
5 4 9.0 1.2 101 95 
5 8.9 103 97 


! Characteristics of peritoneal fluid for successive time intervals following 
intraperitoneal injection of 3.7 ml. of 19.1 percent glucose per 124-gm. rat. 
2 Determined by modified Volhard’s method. 

The changes in conductivity in the rat seem to be 
more closely correlated with shift of fluid and elec- 
trolyte. Further evidence of this is the very rapid 
increase in conductivity of the animal when sodium 
chloride is injected (fig. 6). 


DISCUSSION 


The injection of sugar intraperitoneally is fol- 
lowed by a redistribution of the tissue fluids (6,7). 
In the first few minutes, as shown in table 3 
(chloride concentration), electrolyte enters the 
peritoneum by a dialysis process, the electrolyte 
concentration rising to one-half the plasma value 
(8) in this time, and sugar in large quantities 
moves in the opposite direction, Both of these 
factors result in an increase in measured resistance 
in the tissue, the second by increasing the viscosity 
of the fluids, since electrical resistance increases 
proportionately to the viscosity of the medium. 
As soon as the initial rapid movement of salt and 
sugar is terminated, the flow of fluid into the peri- 
toneum results primarily in a decrease in tissue 
fluid volume without much change in electrolyte 
concentration, as shown by the parallel increase 
of peritoneal fluid and chloride content. This in- 
dlicates that the main increase in resistance up to 
2 hours is associated with decrease in tissue fluid 
volume, rather than electrolyte concentration. 

Finally the decrease in volume of body fluid 
should decrease the cross-sectional area of conduct- 
ing channels and hence increase the measured Ye- 
sistance. These channels are mainly the inter- 
stitial fluid spaces as shown by the following facts: 


(1) Intravenous injection of sugar, which in- 
creases the volume of the vascular system at the 
expense of the interstitial fluid, is accompanied by 
an increase of resistance (fig. 7). 

(2) In the comparison of two elements of the 
tissue, the electrolytically conducting vascular and 
interstitial circuits, since these may be considered 
as parallel electrical branches their total resistance 
‘an be expressed by the familiar relation 


R=R.R, (Ri+R,) (1) 


where 7? is the total resistance, 2, is the resistance 
of the blood and R, is the resistance of the inter- 
stitial fluid. In order to understand how the total 
resistance changes with simultaneous changes of 
F#, and R,, one takes the differential of equation 
1 which gives 

d (2) 

(2,+R,)* 

The resistivity S, or specific resistance of whole 
blood measured in a conductivity cell, is at least 
twice that of serum and therefore of interstitial 
fluid, while the volume of the vascular system is 
one-third that of the interstitial fluid (9). These 
two factors yield the result that 2, is at least six 
times #,, since resistance is proportional to resis- 
tivity and is inversely proportional to cross-sec- 
tional area of the conducting channels. With the 
use of these relative values of A, and RF, i. e.. 6: 1, 
equation 1 shows that # is determined primarily 
by A, and equation 2 shows that dP? is primarily 
determined by d#,, assuming equal percentage 
changes in #, and R;. This is equivalent to the 
foregoing statement that the main conducting 
channels are the interstitial spaces. 

The measured increase in resistance following 
sugar injection is thus the summation of a number 
of effects: (1) Decreased electrolyte concentration : 
(2) viscosity increase due to glucose; and (3) 
diminished cross-sectional area of conducting 
channels. To these effects must be added unknown 
membrane changes. 

It was previously shown that injection of sugar 
produced a strong acid shift in tumor pH (4. 4). 
the time sequence of which shows some similarity 
to the resistance changes studied in the present 
work. In both cases, the electrode is primarily 
inserted into the interstitial fluid rather than in 
the vascular or intracellular fluid. The decrease in 
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volume of the interstitial fluid should result in a 
diminution of its total buffering capacity, hence 
in an increase in pH change with a given produe- 
tion of lactic acid taking place in tumors as a result 
of incomplete sugar combustion, 


SUMMARY 


The resistance of animal tissue in vivo was 
measured at 5,000 cyeles. Intraperitoneal injee- 
tion of massive doses of sugar was followed by an 
increase of body and tumor tissue resistance. 
Other nonelectrolytes behaved similarly. Injee- 


tion of sodium chloride had the opposite effect. 
Determinations were made upon the volume, elec- 
trical conductivity, glucose, and chloride concen- 
tration of the peritoneal fluid at successive time 
intervals following glucose administration. These 
effects were related to shifts in body electrolytes 
and water. Intravenous injection of sugar was 
followed by an increase in resistance. From these 
experiments, it is concluded that the interstitial 
fluid conductivity is the chief component: of the 
tissue contributing to these effects, excluding un- 
known membrane changes. 
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DEHYDROPEPTIDASE ACTIVITY OF NORMAL AND PATHOLOGICAL HUMAN SERA? 


By ALTon MEISTER, assistant surgeon, and JESSE P. GREENSTEIN, chief biochemist, National Cancer Institute, National 
Institute of Health, United States Public Health Service? 


INTRODUCTION 


Recent studies indicate the widespread occur- 
rence of dehydropeptidases, which act upon the 
peptides of a-amino-acrylic acid (/, 2) to yield 
products which include ammonia and pyruvic acid. 
Using the spectrophotometric technique, Carter 
and Greenstein (3) found that the dehydropeptide, 
glycyldehydroalanine, was hydrolyzed in digests 
of this substrate with normal human serum. Later, 
Price and Greenstein (2) observed that human 
serum liberated appreciably larger amounts of am- 
monia from d/-alanyldehydroalanine than from 
glyeyldehydroalanine or chloracetyldehydroala- 
nine. It seemed of interest to extend these studies 
to pathological sera. The present report repre- 
sents a survey of the dehydropeptidase activity 
of a small group of normal and_ pathological 
human sera. 


MATERIALS AND METHODS 


Glycyldehydroalanine and d/-alanyldehydroala- 
nine were synthesized by methods previously de- 
scribed (2). Serum was prepared from venous 
blood of patients and presumably normal subjects. 
The diagnoses were made by the hospital staff. 
The cases selected for study were those in which 
no reasonable doubt existed as to the diagnosis. 
All the cases of neoplastic disease were proven by 
biopsy. operation, or autopsy. Care was taken to 
avoid hemolysis inasmuch as the red blood cell con- 
tains appreciable amounts of dehydropeptidase. 
One cubic centimeter of serum was incubated with 
2 ec. of 0.15M sodium borate buffer at pH 8.1 and 
either 1 cc. of water or 0.05M d/-alanyldehydroala- 
nine (equivalent to 25 micromoles of the optically 
active peptide) at 37° C. for 30 minutes. In the 
30 cases in which glycyldehydroalanine was em- 
ployed as the substrate, a 0.025M substrate solu- 
tion was used with a 2-hour incubation period. 
Ammonia in the digests was determined as pre- 
viously described (4). Substrate and serum con- 
trols yielded negligible quantities of ammonia. No 
ammonia was liberated from d/-alanine under the 
experimental conditions by either normal or path- 
ological sera. Dehydropeptidase activity is de- 
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scribed in terms of micromoles of ammonia which 
appeared in the digests within the digestion period 
selected. 

RESULTS 


The results of a study of 153 sera of patients with 
various conditions are given in table 1. The mean 
value for 22 presumably normal sera was 3.59 
0.84. Values over 6.0 micromoles ammonia per 
cubic centimeter of serum per half hour are con- 
sidered elevated. Striking differences from the 
normal range, such as have been reported in some 
cases for serum amylase and the serum phospha- 
tases, were not encountered. There was no appre- 
ciable difference between the serum dehydropepti- 
dase activity of the sera of cancer patients and 
those of the noncancer group. Increased activity 
was found in 6 cases of cirrhosis, 3 cases of ad- 
vanced pulmonary tuberculosis, and in 1 case each 
of acute hepatitis, arsenical hepatitis, carcinoma of 
stomach (metastases), carcinoma of bladder, sar- 
coidosis, and sickle-cell anemia in hemolytic crisis. 
The available clinical data indicated definite im- 
pairment of liver function in 10 of these cases 
(table 1). 

Sera with increased activity towards alanylde- 
hydroalanine also split greater amounts of glycyl- 
dehydroalanine. <A fairly linear relationship was 
obtained in 30 sera studied with both substrates 
(fig. 1). However, differences in the relative rates 
of hydrolysis of alanyldehydroalanine and glyevl- 
dehydroalanine in certain tissues (2) make it nee- 
essary to consider the possibility that these sub- 
strates are split by different enzymes. 


DISCUSSION 


Although exceptionally high or low dehydro- 
peptidase activity was not encountered in the 
pathological sera studied, statistically significant 
elevations in activity were found in patients with 
liver damage.’ The high values noted in cases of 


1 Received for publication December 4, 1947. 

? The authors wish to thank Dr. H. Zimmerman and the house 
staff of Gallinger Municipal Hospital, and Dr. C. T. Klopp, 
of Garfield Hospital, for assistance in obtaining serum specimens, 

3 Statistical analysis indicates that the chance occurrence of 
these differences is less than one per thousand. 
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TABLE 1.—Serum dehydropeptidase in various conditions 
Diagnosis ——— Range of values ! Diagnosis Number 


“arcinoma of breast 


( S | 2.42-4.93 
Carcinoma of bladder 2) 4.85, 6.4 
Carcinoma of cervix 12 | 2.42-5.71 
Carcinoma of colon 1 | 3.12 
Carcinoma of larynx 1 2.60 
Carcinoma of lung 2 3.60, 5.85 
Carcinoma of ovary 2 | 3.47, 3.84 
Carcinoma of palate 1 | 5.54 
Carcinoma of prostate 5 | 2.52-3.55 
Carcinoma of rectum - 2 2.60, 3.64 
Carcinoma of skin 1 4.33 
Carcinoma of stomach 2 | 3.81, 9.62 
Carcinoma of tongue 1 | 4.93 
Malignant melanoma 1 4.58 
Sarcoma of nasopharynx 1 | 3.12 
Hodgkin's disease 2 3.98, 4.00 
Congenital heart disease 1 | 2.75 
Rheumatic heart disease 3 4.00, 
Syphilitic heart disease 1 | 3. 
Arteriosclerotic heart disease 5 | 2.32-3.86 
Hypertensive heart disease 10) 2.42-5.29 
Cerebrovascular accident 6 2.71-4.94 
Pneumococcal pneumonia 3 3.58, 3.66, 3.60 
Lung abscess 2 3.06. 3.88 
Bronchiectasis 1) 4.90 
Bronchial asthma... 1 | 4.09 
Pulmonary fibrosis 1 | 3.94 

M yeotic lung disease 1 3.66 
Chronic glomerulonephritis 3 4.24, 4.68, 5.15 
Acute glomerulonephritis 1 | 3.20 


31 
of cases Range of values 


Acute pyelonephritis... . - 1 | 2.65 

Benign prostatic hypertrophy 3 | 2.18, 2. 18,3. 55 
Peptic ulcer 2 | 2.17, 2.65 
Gastroenteritis. _......... 1] 4.11 
Diabetes mellitus. 6 | 3. 20-5. 26 
Thyrotoxicosis__- 1 | 4.24 
Myxedema 1 | 2.88 
Addison’s disease 1 3.36 
Menopausal syndrome. 1 | 3.42 
Rheumatoid 3 | 3.35, 4.00, 5.03 
Gonorrheal arthritis - 1 3.96 
Marie-Strumpell spondylitis 3.22 
1 | 3.56 
Acute 1 | 2.97 
Paget's disease of spine__-. 1) 3.55 
Ludwig's angina- 1 | 3.92 
Tonsillar abscess 4.55 
Thrombophlebitis 2 | 2. 48,3. 85 
Polyeythemia vera__- 1 | 5.33 
1 | 6.26 
Boeck’s sarcoid 2 | 4.50,8. 43 
Uncomplicated pre en: cy 6 | 2.46-5. 22 
Pulmonary tuberculosis minim: 4 3.00-3. 27 
Pulmonary tubere ulosis, far advanced 15. 2. 76-9. 663 
Pulmonary and peritoneal tuberculosis ? 1 120 
Cirrhosis 2 6 | 6.21-12.8 
Acute infectious he patitis 2 mates 1 9.00 
Convalescent infectious 3 | 3.69, 4.21, 4.35 
Arsenical hepatitis 2 1 16.6 


' Expressed as micromoles of ammonia per cubic centimeter of serum per half hour liberated from 50 micromoles ot d/-alanyldehydroalanine. 


Available clinical data indicated definite impairment of liver function. 
s Ine ludes two values greater than 6.0. 


tuberculosis may possibly also be related to hepatic 
disease. Hurst et al. (5) recently reported liver 
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2 4 6 8 10 12 14 

HYDROLYSIS OF ALANYLDEHYOROALANINE 

MICROMOLES AMMONIA PER C.C. SERUM 
PER 30 MINUTES 


HYDROLYSIS OF GLYCYLOEHYOROALANINE 
MICROMOLES AMMONIA PER C.C. SERUM 


Ficure 1.—Hydrolysis of dl-alanyldehydroalanine and 
glyeyldehydroalanine by 30 human sera. 


damage in a large percentage of patients with 
advanced pulmonary tuberculosis. The increased 
activity in the case of sickle-cell anemia could be 
explained on the basis of intravascular hemolysis. 
It is possible that more than one pathological 
process may be associated with increased serum 
dehydropeptidase. 

This study reveals that serum dehydropeptidase 
exhibits some degree of variation in disease. The 
present indication of increased values in hepatic 
disease should probably be investigated further in 
conjunction with the standard liver function tests. 
Elucidation of the physiological and clinical sig- 
nificance of this enzymatic entity must await the 
results of more fundamental studies. 


SUMMARY 


The hydrolysis of the dehydropeptides, d/- 
alanyldehydroalanine and glyeyldehydroalanine 
by normal and pathological human sera was in- 
vestigated. Increased serum dehydropeptidase 
was found in patients with liver disease and oc- 
casionally in other disorders. 
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HETEROLOGOUS AND HOMOLOGOUS GROWTH OF TRANSPLANTS DURING THE 
COURSE OF DEVELOPMENT OF SPONTANEOUS MAMMARY TUMORS IN C3H 


MICE! 


sy Henry C. BrowN1ne, research fellow, National Cancer Institute, National Institute of Health, United States Public 
Health Service 


INTRODUCTION 


Greene and co-workers, using the anterior 
chamber of the eye as a site, obtained successful 
transplantation of human (/—5), rabbit (6), 
mouse and rat (7,8), and bird (4, 17) tumors to 
alien species, usually guinea pigs. The behavior 
of successful transplants ranged from regression 
after a period of growth to bursting of the eye 
with progressive invasion of periorbital struc- 
tures. 

Lucké and Schlumberger (77), using a similar 
technique, obtained growth of frog carcinoma in 
the eyes of two other species of frogs and in a 
toad. 

Heterologous growth in guinea pig eyes was re- 
ported by Jones et al. (72) for human ovarian 
adenocarcinoma, and by Hovenanian et al. (73) 
for human bladder papilloma. 

The concept that tumors are autonomous, as 
evidenced by their ability to grow in alien species, 
has been qualified by Greene. He (4) states that 
“in the rabbit, autonomy is attained only after 
continued development and is not a property of 
the primary neoplastic focus or of other prein- 
vasive phases.” This statement is evidently 
based on earlier work (74). but he adds some 
evidence for the same development of autonomy 
in human neoplasms. Further, autonomy, as de- 
fined above, is not an all-or-none phenomenon but 
appears gradually in a tumor (4). It is not pos- 
sessed by benign neoplastic tissue or normal tissue 
of adult organisms but is possessed by embryonic 
tissue (15-19). Gurchot, Krebs, and Krebs (20) 
claim growth of human trophoblast in the an- 
terior chamber of the rabbit eve. 

The present work is a report of the growth 
phenomena of intraocular transplants of spon- 
taneous mammary-gland tumors of C3H mice into 
homologous and heterologous strains and heterol- 
ogously into alien species. 

Greene regards transfers between individuals 
of one mouse strain as equivalent to autologous 
transfers in an animal that, like the rabbit, is not 


? Received for publication December 16, 1947. 


genetically inbred (7). Transfers between two 
mouse strains are regarded as homologous and 
those between species are heterologous. How- 
ever, the ability, or lack of the ability, to grow in 
an alien environment is shown by cancer tissue 
equally in homologous and heterologous transfer, 
these terms being used in the sense mentioned 
(18-19). Accordingly, as the use of Greene’s 
terminology would mean that transfers between 
two mice of the same strain are autologous, the 
term “homologous” is applied to such transfers 
in this work and the term “heterologous” to 
transfers both between strains and species. 


MATERIALS AND METHODS 


The tumors used for transplantation had oc- 
curred spontaneously in the C3H females of a 
breeding colony. These animals were between 
6 and 9 months old and had had from two to four 
litters. All animals were carefully and completely 
palpated every 2 days. Tumors from 0.1 cm. 
upward in diameter could be detected. AT] tumors 
were measured at the time of discovery and there- 
after once or twice a week. Measurements were 
recorded as the average of width and breadth. 
Depth, being more difficult to measure accurately 
and less subject to variation in relation to the other 
dimensions, was not included. 
already had tumors when received. 

Heterotransplantations in mice were made into 
C57 black and less often into dba inbred animals. 
One series was made into L inbred mice. These 
recipients were usually males and always between 
1 and 3 months old, unless specifically stated as 
old mice. Albino mice were not used, because the 
reflection of large amounts of light back from the 
lens through the colorless iris and hence through 
a transplant made it difficult to determine whether 
the transplant was alive or dead, or vascularized 
or not. Less frequently, heterotransplantations 


Many animals 


2Dr. Walter E. Heston made available retired C3H breeders 
from his colony ; Dr. Thelma B. Dunn made the pathologic diag- 
noses of all tumor material; and Mich@le Browning detected and 
recorded tumors in donor mice. 
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were made into guinea pigs. Some of these were 
inbred family 13, and some were stock guinea pigs. 
Males and females were used, and all animals, un- 
less specifically stated, were between 1 and 2 months 
old. A few heterotransplantations were made 
into female stock rabbits, all 2 months old. When 
comparisons of multiple tumors from the same 
host or of repeated transplants of the same tumor 
were made, all recipients were of the same age. sex, 
and strain. 

For almost all heterologous series, a control 
group of C3H females, from 1 to 3 months old, 
received transplants of the same material. 

In transplantations, the original tumor, or a 
portion of it, was removed from the host under 
sterile conditions. Except in a few cases where 
the material was insufficient. a portion was fixed. 
The remainder was placed in a small, open, petri 
dish inside a larger, closed dish. Sterile water in 
the large dish and a few drops in the small dish 
(not in contact with the tumor) prevented desic- 
cation. Small pieces of tumor were dissected off 
the main mass, two or three at a time. The dish 
was kept closed as much as possible. Peripheral 
regions of the tumor were avoided so that elements 
of the capsule would not be used as transplants. 
The fragments were sucked into a trocar pre- 
viously lubricated with blood or plasma of the 
original host. A No. 20 trocar was used for mice, 
a No. 18 for guinea pigs, and a No. 16 for rabbits. 
A No. 20 was the largest possible for mice. These 
trocars had had their points filed away to leave a 
10° angle on the blunt end. The tumor fragments 
were always the largest that would enter the ap- 
propriate trocar. 

A slit was made in the cornea close to its junc- 
tion with the sclera at the upper part of the eye. 
A Bard-Parker No. 11 mounted blade was more 
useful than an iridectomy knife, because it was 
sharper and easily replaced when it became blunt. 
The actual slit was made by pressing the fine point 
of the blade inward and upward against the 
cornea; thus the iris was not cut when the cornea 
was penetrated. When approximately 2 mm. of 
blade had been introduced into the anterior cham- 
ber (in the mouse), it was removed by slitting the 
cornea along a line parallel to the corneoscleral 
junction. Both eyes of each animal were used. 

The slight angle of the end of the blunted trocar 
was used to lift the lower edge of the slit for in- 


sertion of the instrument. Air bubbles deliber- 
ately included in the trocar were extruded in front 
of the tumor fragment into the anterior chamber 
to lift the cornea from the iris. After extrusion of 
the fragment into the chamber, similar bubbles 
were used to free it from the trocar plunger. Such 
bubbles were readily absorbed if left in situ but 
could be easily swept out of the chamber by gentle 
pressure on the cornea. 

After careful withdrawal of the trocar, the 
tumor fragment in the chamber was manipulated 
towards the corneoscleral junction opposite the 
wound by corneal pressure with a blunt seeker. 
Fragments not so treated were sometimes extruded 
or lodged in the pupil. In the latter case, they 
failed to vascularize, although all others in the 
series in more favorable positions might do so. 
The wound in the cornea was quickly blocked by a 
clot, and within a few hours the fluid of the an- 
terior chamber was reconstituted. The fragment 
might move slightly in the first 2 days, but there- 
after, whatever its ultimate fate, it was immobile. 

During the operation in mice, the eye was par- 
tially extruded and held rigid by digital pressure 
above and below the socket. Guinea pigs and rab- 
bits were not so adaptable, and the eye was only 
partially immobilized by digital pressure at the 
posterior angle. No local anesthesia was required, 
but deep unconsciousness of the animal as a whole 
was necessary for successful manipulation. Nem- 
butal used intraperitoneally was the anesthetic. 
Deterioration of bulk quantities from contamina- 
tion with the metal of hypodermic needles and 
from periods at laboratory temperatures, with 
consequent rise in toxicity and fall in anesthetic 
properties, was avoided by storage in 5-cc. am- 
poules in refrigeration. Animals overdosed with 


‘nembutal were sometimes resuscitated by intra- 


peritoneal picrotoxin; a 25-gm. mouse required 
0.3 mg. and a 350-gm. guinea pig 1.5 mg. 

While sterile precautions were taken in general, 
no attempt was made to clean the eyes of recipi- 
ents. Infection occurred in about 5 percent of 
cases, with the focus at the corneal wound rather 
than in the transplant. Such infection stimulated 
growth of heterotransplants on occasion and 
‘arely prevented homologous growth. Infected 
animals were not included in experimental figures. 
Both in regard to ease of manipulation and low 
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percentage of infection, mice were the most satis- 
factory of the species used. 

The technique of intraocular transplantation 
was basically that of Greene (3,6). It is described 
in detail because slight variations may result in 
failure. In preliminary experiments, intraocular 
transplants of 13 C3H_ spontaneous mammary 
tumors were made into a total of 113 C57 black 
mice, both young and old. The tumor was inocu- 
lated as a mash of fragments in saline. The past 
histories of the tumors were unknown. Slight 
growth occurred in only 1 heterologous recipient, 
although most control homotransplants grew 
fully. 

Scale drawings were made of the eyes with their 
transplants on the second day after operation. 
At this time, the fragment was attached and had 
reached an initial stable state, while corneal cloud- 
ing from trauma was at a minimum. Further 
drawings were made on the fifth, eighth, and tenth 
days. and at subsequent intervals if necessary. 


RESULTS 


DEVELOPMENT OF SPONTANEOUS MaMMary TUMoRS IN 
ORIGINAL Host 


COURSE 

In early work, tumors of the mammary-gland 
regions were not detected until they had attained 
a size of 0.3 cm. With refinements of technique, 
this measurement was reduced to 0.1 em. Table 
1 gives the duration of arbitrary stages of growth. 
The figures are not derived from a continuous 
series of measurements, as tumors were contin- 
ually being withdrawn for experimental use. 
Apart from the first two, the stages represent an 
approximate doubling in size. Their durations 
are roughly equal. 

Of 31 tumors detected at 0.1 cm., 10 regressed 
and 8 remained unchanged in the original host 


Taste 1.—Course of spontaneous mammary tumors in 
C3H female mice 


| Growth stage 


Duration 
Number of mice | ° of each 
No, | Tumor size, stage 
range 
| Centimeters | Weeks 
5 | 1.5 -27 | 3.9 


over a 2-month observation period. The remain- 
ing 13 are included in the table (stages 1 and 2). 
As is discussed in regard to experimental and 
histologic work, many tumors of this size were not 
adenomatous but were foci of squamous-cell 
metaplasia. No tumors of 0.2 cm. or over had this 
histology, and none were ever seen to regress. 

Sixteen mice completed their life histories with 
only a single tumor. At death, the average size of 
these tumors was 2.15 em., with a range of 1.5-3.5 
cm. Consequently, data for the last stage in table 
1 are derived from tumorous animals that survived 
for an unusual length of time. The average total 
duration of a solitary tumor was, therefore, nearly 
11 weeks. Wallace et al. (27) found 8 weeks to be 
the mean life of a tumor in virgin C3H mice but 
clid not indicate the size at detection. Neither did 
Morris (22), who gave the mean life of a tumor 
as 7.5 weeks in C3H mice of unstated reproductive 
history. 

MULTIPLE TUMORS 

Seventy-five percent of the animals developed 
multiple tumors. This figure was derived from 
data on 120 animals in which the solitary or largest 
of the multiples was 2 cm. or more, i. e., tumors 
near the end of their course. Animals were seen 
with as many as 7 tumors. Wallace et al. (27) 
recorded 17 percent of multiple tumors in their 
virgin C3H mice. Morris (22) found 66 percent 
among C3H mice of unstated reproductive history. 

In 40 animals, the average size of the first tumor 
at the time of appearance of a second was 1.1 em., 
with a range of 0.3-2.1 em. Individual animals 
exhibited first tumors that took longer to reach the 
2-cm. stage in the presence of second tumors than 
any animal with a solitary neoplasm. However, 
this slowing of growth of a first tumor by a second 
is not seen in averaged data. Further, in 17 mice 
with multiple tumors that completed their life 
histories, the average size of the largest tumor 
(almost always the first in order of appearance) 
was 2.14 cm. at death, with a range of 1.6-2.9 em. 
This figure was very similar to that for animals 
with a solitary tumor. 


METASTASES 


Of 17 mice whose solitary tumor reached the 
2-cm. stage, 10, or 59 percent, had lung metastases. 
Of 54 mice with multiple tumors where the largest 
of these had reached the 2-em. stage, 34, or 63 per- 
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cent. had lung metastases. Apparently the presence 
of multiple tumors does not encourage metastasis in 
C3H mice, although Ashburn (2) considered that 
it did in the Marsh strain 3. In both classes, lung 
metastases ranged from those 0.2 cm. to those over 
1 em. in diameter. No correlation appeared to 
exist between the number of separate metastatic 
foci and the size of each focus. 


CHARACTERISTICS OF HETEROLOGOUS AND HoMoLoGgous 
GROWTH IN THE ANTERIOR CHAMBER OF THE EYE 


The criteria of growth used were the initial 
augmentation of translucence in the transplant, 
the development of vascularity, and increase in 
size. The first two criteria always accompanied 
the last: alone, they were not considered signifi- 
cant. Mitotic activity was confirmed in growing 
transplants in histologic study for selected cases. 


HETEROTRANSPLANTS 


Regardless of the degree of growth or of the 
species and strain concerned, the progress of 
heterologous intraocular transplants was remark- 
ably constant. During the first 2 days, vessels of 
the original tumor filled with dark-red blood were 
often visible in the fragments. The fragments 
showed slight increase in size by spreading and 
flattening (this was not regarded as growth), ex- 
hibited appreciable reduction in size, or remained 
unchanged. Their irregular outlines were re- 
placed by smooth contours. By the fourth day, 
the fragments were attached to the iris, and new 
vessels, filled with bright red blood, appeared. 
The fragments were then rounded and had a defi- 
nite translucence. Growth was usually apparent 
by the fifth or sixth day and reached a peak by 
the eighth day when there was well-developed 
vascularity. Some fragments, especially those that 
grew well, exhibited cysts which often became filled 
with dark-colored blood. Transplants remained 
unchanged from the eighth to the tenth or twelfth 
day, when regression began.® 

In regression, the vessels became less well de- 
fined, lost their bright color, and decreased sharply 
in number. The fragment became more and more 
opaque, often from a central focus. Its outline 
lost sharpness. By the fifteenth day or earlier, 
only a thin opaque sheet, with a trace of vascular- 


*In guinea pigs and rabbits, the whole cycle might be delayed 
2 or 3 days, growth commencing on the seventh or eighth day. 


ity, remained, This might persist for some weeks 
or be rapidly absorbed. 

In exceptional cases, where transplants were de- 
rived from large solitary tumors and growth was 
exceptional, the transplant might be active until 
the fifteenth or even the twentieth day; but there 
was always regression and death of the transplant 
ultimately. 

Heterologous growth was classified as full or 
mild. In the former type, the fragment at least 
quadrupled its surface area. In the latter, its area 
increased from 114 to 3 times the original. Such 
classification can only be arbitrary because any in- 
crease in thickness of transplants cannot be meas- 
ured. However, in dissected eyes, the transplants 
were always reasonably uniform sheets and had no 
tendency to invade the posterior chamber or lens. 
On the other hand, vigorous transplants showing 
full growth might bulge the cornea locally towards 
the end cf their growth period, although the an- 
terior chamber was not full. While increase of 
surface area of 5 times was the average for full 
growth, occasional tumors gave transplants that 
grew up to 10 times the original size, occupied from 
half to the whole anterior chamber, and very 
rarely even perforated the eye. 

In a third group of heterologous transplants 
the degree of growth was classified as none. This 
suggests greater distinction than was actually 
found between it and the other classifications. 
Actually, the fragments never grew appreciably 
but might have the appearance of a mildly active 
transplant, i. e., they might become vascularized 
by the fourth day and remain so until the ninth 
or tenth, when regression occurred. However, 
transplants that did not grow had a lesser vas- 
cularity than even those showing mild growth, 
and regression tended to begin a day or two 
earlier than in the latter. Absorption of such 
transplants was more rapid and complete; they 
did not leave persistent sheets of dead or fibrotic 
tissue. In some cases, absorption even began on 
the sixth or seventh day, so that the fragment 
was already much reduced by the tenth day. 

Some of these nongrowing transplants showed 
an opaque center and a translucent periphery. 
The same zoning was occasionally seen in actively 
growing transplants where the central portion 
might remain opaque despite full growth from 
the periphery. Much less frequently, nongrow- 
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ing transplants became steadily more opaque from 
the time of insertion into the anterior chamber. 
They showed neither new vascularity nor any 
indication of life. The tumors that provided 
such fragments were always large and were de- 
rived from hosts with multiple neoplasms. All 
the transplants of a series from nonautonomous 
tumors tended to behave in an identical manner; 
they all became opaque from the time of inser- 
tion onwards, or all appeared to be alive despite 
lack of growth. 


HOMOTRANSPLANTS 


Behavior in homologous transplants differed 
considerably. Except when derived from tumors 
in the 0.1-0.25 em. range and in other rare cases, 
there was growth in all with no regression. In 
those animals allowed to survive, the transplant 
filled and burst the anterior chamber, and _ its 
growth then continued unchecked. 

Fragments were never so sharply delimited as 
in heterologous transplants until growth was defi- 
nite. They often diminished in size to a consid- 
erable extent shortly after insertion into the eye. 
The old vessels of the fragment, persistent until 
the appearance of new ones in heterotransplants, 
were lost completely. The subsequent course of 
events was a latent inactive period, then the ap- 
pearance of vascularization, and, often after a 
further interval. the commencement of growth. 
The time relations of these features, unlike those 
of heterologous growth, were very variable 
between series though reasonably constant in any 
one series from a single tumor. In the most 
rapidly growing cases, vascularity appeared by 
the fourth day, and the tumor filled half the 
chamber by the seventh or eighth day. At the 
opposite extreme, the inactive period might be 
more than 2 weeks, with subsequent vasculariza- 
tion and slow growth to half-fill the anterior 
chamber by the end of a month. Homologous 
transplants that showed no signs of growth after 
1 month were rejected. 

Transplants in homologous transfer often 
showed the same cystic formations as in heterol- 
ogous growth, Slow-growing homotransplants 
tended to be overgrown by the iris pigment, 
especially in the latent period. This overgrowth 
also appeared in those heterotransplants without 
autonomy. 


779303—48——3 


Relative growth in homotransplants was meas- 
ured by the time taken to fill half of the anterior 
chamber. The time for filling the whole chamber 
was not used because in the late stages growth 
might be irregular with perforation of the cornea 
before all the chamber was occupied. 


HETEROLOGOUS AND HoMOLOGOUS GROWTH OF TRANSPLANTS 


SOLITARY TUMORS 


Tables 2 and 3 list the occurrence of heterologous 
growth of a series of tumors in C57 black and dba 
mice, in family 13 guinea pigs, and in stock guinea 
pigs and rabbits. The data are arranged pri- 
marily with reference to the degree of autonomy 
of the tumor as shown by the number of heterol- 
ogous transplants with growth and by the extent 
of that growth. Secondarily they are arranged 
with reference to the rapidity of homologous 
growth and to the size of the tumor providing the 
transplants. Table 4 summarizes the data. 

The percentage of successful transplants did 
not vary appreciably with a change in the recipient 
inbred strain. Stock guinea pigs usually had re- 
fractory animals among them (Nos. 42 and 51, 
table 3). Rabbits were definitely more refractory 
in both series of transplants attempted (No. 21, 
table 2; No. 49, table 3). Greene and Murphy (7) 
found that heterotransplantation of rat and mouse 
tumors was less successful in the rabbit than in the 
guinea pig. 

The first group of lesions in table 2 (0.075-0.175 
em.) were histologically squamous-cell metaplasia 
with inflammatory-cell infiltration. They did not 
grow homologously or  heterologously. Such 
lesions are just palpable in the living animal and 
just visible as raised areas in the mammary tissue 
grossly on dissection. Under a dissecting micro- 
scope, they are marked by scattered, opaque, white 
spots probably due to the epithelial pearls. 
Adenomas of similar size have the same general 
appearance without the opacities. Areas of hyper- 
plastic mammary tissue could be picked out as 
yellowish or pinkish areas slightly more dense than 
the surrounding tissue, but they were sometimes 
flecked, probably because of milky contents. These 
hyperplastic areas were not raised or obviously 
swollen and could not be confused with the 
definitive lesions. 
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Class 


Squamous-cell meta- 
plasia, 


Mammary tumors: 


Small tumors 


Medium tumors 


Tumor 
Ne. size 
Centi- 
meter 
1 0.075 
2 
3 
4 
15 
6 
7 
9 25 
11 
12 .175 
13 . 125 
15 25 
16 . 35 
7 
Is . 25 
ly 45 
21 
22 
23 4 
.8 
25 7 
27 5 
28 4 
29 
aa 
32 4 
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Lesion 


Unorganized 
Acinar 


ao 
Hyperplastie nodule 
do 


Acinar 
Unorganized 
Acinar 

do 


\cinar 
Acinar; cystic 


Acinar 


do 

do 
Papilliform 
Acinar; hemorrhagic 
Acinar; cystic 
Acinar. 

do 


Acinar; hemorrhagic 


| Acinar; cystic; hemorrhagic 


Acinar; eystic; hemorrhagic 


Cystie; papilliform; 
rhegic. 


hemor- 


Heterotransplants 


Num- 
ber of 
ani- 
mals Full 


Recipient animal 


Num- 
her 
C57 black 2 
do 3 
.do_. 2 
do 3 
do 2 
do 7 
do 2 
do 4 
do 2) 
do 2) 
do 
do 4 
do 3 
{ do 
7 
black - 3 
do 5 
ti 
"57 black 7 
do_. 6 
..do_. 6 
dba 7 
Cat black 5 
Guinea pig, family 13, in- 8 
»red, 
Rabbit, stock 8 
{C57 black j 15 |... 
C57 black 10 
do 
do 
do 6 
do 7 
do 8 
\dba___- 10 9 
Guinea pig, family 13, in- 6 g 
bred. 
(C57 black 14 
\dba 10 
C57 black 10 
Guinea pig, family 13, in- 3 3 
bred. 


Results of heterologous and homologous transplantations of squamous-cell metaplasia and of mammary tumors 


Homotransplants 


Growth Num- Average time 
to half-fill 
ani- anterior 
Mild None | mals chamber 
Num- Num- 
ber ber Days 
2 2 No growth 
3 2 No growth 
2 2 No growth 
3 2 No growth 
2 2 No growth 
7 6 No growth 
2 2 No growth 
4 2 No growth 
2 2 No growth 
2 2 ? growth 
4 37 
4 ly 33 
3 23 25 
9 6 25 
2 5 
1 2 2 24 
5 4 ly 
7 6 7 
4 16 
6 5 28 
3 4 3 25 
3 2 4 26 
2 6 
1 7 
2 13 6 17 
3 7 
5 4 6 7 
4 6 19 
6 2 6 16 
5 1 4 16 
7 6 2 
8 6 Is 
1 
6 s 15 
4 6 12 
Ww 
4 


! In fractions, numerator indicates number of animals in which transplant grew, and denominator total number of animals used. 


TaBLe 3.—Heterologous and homologous growth of mammary tumors and lung metastases 


Class 


Mammary tumors: 


Large tumors....... { 


Metastases... 


Refer- pumor 

sise 

No 

Centi- 
meters 

33 1.1 
3A 1.2 
35 1.1 
36 1.3 
37 2.5 
38 1.1 
39 1.7 
40 2.1 
2.1 
42 | 
43 .3 
44 1.3 
45 | -2 
at 
17 
as 
49 1.0 
1.0 
il 7 


Lesion 


Papilliform; hemorrhagic __. 
Acinar; cystic; hemorrhagic 


Acinar; hemorrhagic 


Acinar 
Acinar; hemorrhagic 
Acinar 
Acinar; hemorrhagic. 
Acinar 


Heterotransplants 


Num- 
ber of 
ani- 
mals Full 


Recipient animal 


} | Num- 
| her 
| dba__- 12 
dba 
8 8 
12 12 
8 
Guinea pig, stock....._- 
.| C57 black. 18 
6 
do 8 
4 
{ 
9 
| (C57 black 8 
{Guinea pig family 13,inbred 4 4 
Rabbit, stock 3 
C57 black 17 17 
Guinea pig, family 13,inbred 6 
“| |Rabbit, 10 


Homotransplants 


Growth Num- Average time 
ber of to hall-fill 
| ani- anterior 
Mild None mals chamber 
Num- | Num- 
ber her Days 
9 3 4 s 
4 3 4 14 
ll 1 6 12 
6 4 
6 9 
4 
6 7 
7 
11 
16 2 12 14 
2 
10 11 
Si. 4 
5 9 
10 
9 |- 
6 
9 10 
6 9 
6 4 
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TasLe 4.—Arerage values for heterologous and homolo- 
gous growth of solitary mammary tumors 


Heterotransplauts show- | Time re- 


ing growth as— quired for 
homotrans- 
Tumor class Size | plants to 
| half-fill 
Full | Mild | None | anterior 
chamber 
| | | 
| Centimeters) Percent, Percent, Percent) Days 
5 95 | 25 
Medium. -4- .85 10 54 36 | 18 
_ 1.1-2.5 48 44 8 | 10 
| 


The second group, overlapping the first in size, 
was nearly all adenomas or adenocarcinomas. Two 
were classified as hyperplastic nodules, but homol- 
ogous growth of transplants from these showed 
that they either had neoplastic areas or suffered 
neoplastic transformation while in the eye. Two 
of these small tumors (Nos. 8 and 9) did not grow 
homologously. No. 10 had questionable growth 
after 30 days. Nos. 11, 12, and 13 showed homol- 
ogous growth only in a proportion of inoculated 
animals, and this is expressed in the table by ¢ 
fractional figure for the number of homotrans- 
plants made. Al] the remaining homotransplants 
grew inallcases. This lack of homologous growth 
may have been due to transplantation of pieces of 
adherent adipose tissue or of capsular elements. 
As homotransplants were always made after the 
heterotransplants from any one tumor, such trans- 
fer of nontumorous tissue was less possible for the 
latter. No autonomy was exhibited except for 
slight growth in 3 of 19 eyes in series 14 and 15. 

The third group, medium tumors, represented a 
transitional stage where autonomy was developing. 
They ranged from one (No. 19) that gave no 
heterologous growth to others that grew in a pro- 
portion of each series and finally to some (Nos. 29, 
30, 31, 32) that grew mildly in all heterotrans- 
plants. 

The fourth group, large tumors, grew in the 
majority of each series, and growth was often full 
(table 3). The fifth group consisted of trans- 
plants from metastatic foci in the lungs. In a few 
cases, no homotransplantations were made. They 
grew in all heterologous transfers in inbred mice 
and guinea pigs except for two transplants in a 
single series (No. 43, table 3). In this series, some 
unusually small fragments had been used delib- 
erately for transfer. These two groups showed 


that, while autonomy was always present in me- 
tastases, the consequent heterologous growth 
tended to be mild rather than full, unlike that of 
the largest solitary primaries. 

The entire group of transplantations (table 4) 
indicated that there was a development and in- 
crease of autonomy concurrent with increase of 
age and progress of growth of the spontaneous 
tumor. This autonomy reached a maximum in 
tumors nearly 2 cm. in diameter when metastases 
were likely to be found in the original host. These 
metastases themselves were autonomous. 

Homologous transplants showed an increase of 
growth rate generally (but not sharply) corre- 
sponding to the degree of autonomy of the same 
tumor. The time taken to fill the anterior chamber 
ranged from 37 days (No. 11) to 7 days (Nos. 40 
and 41). Some tumors in the second group may 
have been precancerous (Nos. 11, 12, and 13), 
acquiring neoplastic properties while in the an- 
terior chamber of homologous hosts. 


MULTIPLE TUMORS 


Table 5 lists the occurrence of autonomy in the 
largest or more often in the smallest and the larg- 
est of the tumors in hosts bearing multiple neo- 
plasms. The first part (class 1) of the table shows 
tumors whose lack or possession of autonomy cor- 
responded to that to be expected from their rela- 
tive sizes and the results with solitary tumors. No. 
56 is placed among these because, on average, 
transplants of the small tumor doubled in size, 
and those of the large tumor trebled in C57 black 
eyes. In No. 57b, growth was exceptional, giving 
an increase of 10 times in area and no regression 
until the twentieth day. 

The second and third parts of the table give tu- 
mors whose behavior in heterotransplantation did 
not correspond to expected values. These range 
from cases where autonomy was equally present or 
absent in both small and large tumors (class 2, 
Nos. 58, 59, 60, 61, and 62) to those where the small 
tumor had autonomy while the large one did not 
(class 3, Nos. 64, 65, and 66). In Nos. 63 and 67, 
no transplants of the smaller tumor were made, 
but autonomy was not present or was less than 
expected in the tumor tested. 

In table 6, average values are shown for the 
small and the large tumors in each major group. 
No. 57a is not included as a small tumor. 
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TABLE 5.—Heterologous and homologous growth of different mammary tumors from the same animal 


| Homotrans- 
Heterotransplants plants 
| 
| | Aver- 
Refer- | | age 
‘nee | | | time 
Class | Lesion | Jrowth 
Recipient animal ber of | ber of Loman 
‘animals | animals|*? 
| | fill 
| | | cham- 
| Full | Mild | None | | ber 
Centi- } | 
meters Number Number Number Days 
52a 0.25 | C57 black 6 RES wie, 6 4 25 
.35 3 3 | 4 | 17 
Ba .25 | Acinar. -. § |.- 5 |} 4) 25 
‘ } do 4 2 4 | 16 
Ma oe do | Guinea pig, family 13, inbred | ee 2 2) 4 20 
1 .4 Acinar; cystic As. 4 5 | 11 
55a 4 Acinar 4 2 5 | 22 
55b .9 | Cystie } 6 | 5 1 6 | 15 
Stia 4 Acinar 9 1 6 | ll 
1.0 | Acinar; cystic 4 6 3 6 | 11 
57a do 10. 9 1) 6 | 16 
58b 1.7 Acinar 4 4}. 2 | 13 
54a Acinar; cystic 10 10 6 | 19 
2.7 do do 10 9 1 7 
» Ha .4 Acinar; hemorrhagic do 6 5 1 4 11 
ob 2.0 do 24 2i 3 26 ly 
bla “a Acinar__-. .....do 1 7 4 34 
1.1 do | 6 2 4 4 16 
62a do 1 9 | 6 | 25 
65a | .7 | Hyperplastic nodule | 5 1 4 14 


In the first class, homologous transplants grew 
with a rapidity to be expected from heterologous 
growth of the same tumor. In the second and 
third classes, this correspondence was less sharp 
or was even absent. In Nos. 59 and 62, autonomy 
was much the same for both tumors, yet homol- 
ogous growth differed. In No. 66, homologous 
growth was as fast for one tumor without auton- 
omy as for one with that property. Although the 


TasLe 6.—Average values for heterologous and homol- 
ogous growth of small and large tumors from animals 
bearing multiple neoplasms 


Heterotransp!ants show-| Time re- 
ing growth as— — for 
= omo- 
Tumor Tumor size | trans- 
class to 
low alf-fill 
Full Mild | None anterior 
| chamber 


Percent | Percent Percent Days 


1 48 | 52 21 

33 | 23 13 
» 55 | 45 20 
67 | 33 14 
3 87 | 13 13 


speed of homologous growth and the degree of 
autonomy appeared to develop in parallel, they 
were evidently not interdependent, although full 
heterologous growth did not occur with tumors 
that grew slowly as homotransplants. 


PARTIALLY EXCISED TUMORS 


In one group of animals, approximately three- 
quarters of the spontaneous tumor was excised and 
transplanted heterologously and homologously. 
After an interval for recrudescence of the partially 
excised tumor, a second piece was removed and 
tested. In two cases, the procedure was repeated 
for a third time. At the second and third repeti- 
tions, homotransplants were not always made. 

Table 7 lists the results. In two cases (Nos, 23 
and 14), there was an appreciable increase in 
autonomy and speed of homologous growth. In 
the remaining five cases autonomy was virtually 
unchanged, although in No. 20.1 both this property 
and the capacity to grow in homologous transfer 
appeared to have decreased. 
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In some of the animals, other mamary tumors 
appeared after partial excision of the first. This, 
apart from the trauma of the excision, may have 
interfered with the course of development of 
autonomy in the experimental tumors. 


OTHER FACTORS IN HETEROLOGOUS GROWTIL 


-lge—Apart from the history of the spontane- 
ous tumor itself and other factors such as inbreed- 
ing or the actual species of heterologous host con- 
cerned, age of the recipient animal was the most 
important factor governing the exhibition of 
autonomy. Table 8 shows the results of heterolo- 
gous transplantations into young and old animals. 
Old C57 black mice were between 9 and 15 months 
of age; old dba mice were 10 to 11 months; old L 
mice were 8 months; and old stock guinea pigs 
were 18 months of age. All young animals were 
between 1 and 2 months old. 

Series 68 shows that metastases failed to grow 
in half of the old C57 black mice used, though 
metastases had been found to grow in all young 
animals of any pure strain. In Nos. 60b, 69, and 


For example, in No. 60b, the average growth was 
114, times the original area in 42 percent of the old 
dba mice but three times the original area in 100 
percent of the young dba mice. This refractori- 
hess or immunity to heterologous growth was noted 
in C57 black and L mice and guinea pigs, which 
are not liable to mammary tumors, and equally in 
dba mice, which are so liable. 

Greene (3) found more rapid growth of heter- 
ologous transplants in young guinea pigs but 
stated that they showed no bigger percentage of 
takes than did old animals. 

Previous transplantation —As was pointed out 
previously, inoculations of tumor fragments sus- 
pended in saline did not result in heterologous 
growth. <A series of old C57 black mice that had 
received a single such inoculation in the left eye 
3 months earlier was given transplants of un- 
treated tumor fragments in the right eye (No. 70, 
table 8). A corresponding series of mice that 
had had no previous inoculation also received 
transplants. No growth occurred in the first 
group but did in half the animals of the second. 


51, the same tumors were transplanted into young 
and old animals of the same strain and species. 
In every case, a smaller proportion showed growth 
in the old animals. Not only were there more re- 
fractory animals in the latter group, but growth 
was less, when it occurred, than in young animals. 


In series 71, metastases were used for transplan- 
tation, and growth should have taken place in a 
reasonable proportion of the recipients. Only 2 
among 13 showed autonomy. In No. 68, again 
metastases were used. Growth resulted in over 
half the animals that had had no previous inoe- 


TABLE 7.—Heterologous and homologous growth of the same tumor before and after partial excision 


Heterotransplants Homotrans- 
| plants 
| 
| } | 
| C57 black dba | Aver: 
Class } ence | | Pal Lesion | | Num.- time to 
|? 0. | | exel- irowth Num- Growth | 
| | sion | ani- | ante- 
| ani- | ani- | 7 mals |_ rior 
| mals | Full | Mild | None | mals | Full | Mild | None | 7 
| | | j | | | | | 
| | Centi- | } | Num- | Num-| Num- Num- | Num-| Num- 
| | | meters | Days | | ber | 7 | ber | ber | ber | ber | Days 
Increased  auton- 23.1 | 5 | 14 | Hyperplastic nodule 9 | 6 | 8 
14.1 5 29 | Acinar; | | 6 | 7 6 17 6 17 
22.1 | 12 | 2) 10 3 | 9 12 | 20 
7 | 7 7 | 6 | 17 
Unchanged auton- 17.1 | wat 12 12 6 | 13 
25 | | 8 | 6 2 |- 6 16 
20 | Acinar; cystic. .........-- | 3 | 4} 3 | 7 
20.1 | |------- | 9 | 1 2/6 | 26 
| | | | | | | 


! See footnote 1, table 2. 
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TABLE 8. 


Heterologous growth of mammary tumors as affected by various factors in the heterologous host and in the transplanted 


material. 


Heterotransplants 


Factor Lesion Animal Num. Growth 
= 
ani- | 
mals , Full | Mild | None 
Centi- Num- 
| meters ; a | | ber | ber | ber 
68M! 0.1 | Acinar; C57 old_. 6 5 
60b 2.4) Acinar; hemorrhagic old 12 
| 12 | 5 
51M ! | Guinea pig, stock, old... 6 | 2 4 
pig, stock, young.. 10 6 | 4 
} C57 black, old: 
.9 |. Previous transplant 6 | 6 
| pre vious transplant.- 10 | | 5 | 5 
71M! = apilliform; cystic. ’revious transplant. 13 | 2 
Previous transplant: Pre vious 1| 7 
| previous transplant- | 4 3 
68M! | Acinar; papiliiform... Previous transplant of mammary | 7 | 1 
6ob _.| 2.4) Acinar; hemorrhagic af male 3 
| ae “87 black, young, nursed by C57 black 8 8 | a 
Milk factor . .---| 50M! 1.0) Acinar mothers. | 
| C57 black, young, nursed ates C3H females | s 8 | sia 
Primary and metastasis 41M i } Acinar. 8 a | 
Transplant size: | 
Large...... ‘ -| 10, 11, 15, 175 | 
52a. .25 | C57 black. j 
Large 1 { 57 black, x 


} Metastases indicated by the suffix M to the reference number. 


ulation of C3H mammary-gland tumor, in nearly 
all those that had had a previous inoculation of 
C mammary-gland tumor, and in only 1 of 
of those that had had a previous inoculation of 
‘3H mammary- -gland tumor. The results sug- 
gest that immunity is produced even by an un- 
successful heterologous transplantation and that 
the anterior chamber participates in immune re- 
actions. 

Sev—Although male mice were more frequent- 
ly used in heterotransplantations, females were 
occasionally employed. No correlation between 
exhibition of autonomy and sex was seen. Table 
8 lists specific cases where the same tumor was 
transplanted into both sexes of a strain or a 
Only in stock guinea pigs (No. 44) was 
any difference seen. Growth, on an average, was 
to four times the original size in females and to 
three times in males. 

Greene (5) stated that neither age nor sex in- 
fluenced percentage of takes or ultimate growth 
in heterotransplants. 


species. 


Milk factor.—Autonomy exhibited by frag- 
ments of metastases transplanted into C57 black 
mice reared by their own mothers and into those 
reared by C3H mothers was equally great. Both 
groups of mice were young. 

Primary and metastases —The results shown 
in table 3 indicate that large solitary primaries 
exhibit more autonomy than did metastases. In 
series 41 and 41M (table 8). the autonomy of the 
primary was compared with that of the metas- 
tases it had produced, as here the primary was 
solitary. The same relation was seen. 

Transplant size—As far as possible, trans- 
planted fragments were of uniform size. No cor- 
relation was seen between size when observed on 
the second day after operation and ultimate fate. 
Very small portions becoming detached from the 
main piece in the anterior chamber grew as well 
as the parent transplant if autonomy was pres- 
ent. Possibly, very small fragments of tumors 
with slight or no autonomy were more readily 
absorbed in the eye. 
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In five series of transplants from smal] tumors 
(Nos. 10, 11, 15, 18, and 52a), exceptionally large 
fragments were used. No difference between the 
behavior of these and fragments of usual size was 
observed (1 among 21 gave slight growth, No. 15, 
table 2). Similarly in No. 48 (tables 2 and 8), 
fragments of large size from this metastasis were 
transplanted into half of the recipient mice, and of 
small size (approximately one-third of the large 
fragments) into the other half. The small frag- 
ments grew, on an average, to 4 times their original 
size, but 2 of them did not grow at all. The large 
fragments grew in all cases to an average of 3 times 
the original size. The difference in growth was 
not great and may have been due to the fact that the 
smaller pieces were able to grow more readily in 
surface area while the large ones had to increase 
partially in thickness. This latter quality was not 
measurable, and the difference may have been more 
apparent than real. 

In general, within the limits of the technique 
used, size of transplants did not affect the ex- 
hibition of autonomy. 


HISTOPATHOLOGY 


A portion of each lesion used was fixed and 
examined histologically, except in a few cases 
where all available material was required for 
transplants. 

In the first group of lesions (table 2), all were 
squamous-cell metaplasia, often with inflamma- 
tory-cell infiltration. Such lesions were described 
by Huseby and Bittner (24) as being found with 
equal frequency in high (including C3H) and low 
tumor strains and as having “no transitions be- 
tween them and frank carcinoma.” These authors 
found that pregnancy and lactation favored de- 
velopment of the metaplastic foci. Kirschbaum, 
Williams, and Bittner (25), apparently dealing 
with the same type of lesion, described them as 
occuring particularly after skin painting with 
methylcholanthrene in several mouse strains. 
They considered that in their experiments such 
foci progressed to mammary tumors of mixed 
alveolar and squamous structure, although large 
areas of the induced tumors were morphologically 
identical with the typical spontaneous mammary 
adenocarcinomas of mice. Dunn (26) stated that 
areas of squamous-cell metaplasia can often be 
found in spontaneous mammary tumors of mice. 


In the present series, there was no histologic evi- 
dence of further progress of metaplastic nodules. 
They never occurred at a larger size than 0.175 
ecm.; many lesions of this or smaller size did not 
progress further, or regressed and disappeared 
during gross observations. Squamous-cell meta- 
plasias were evidently nonneoplastic lesions, 
and they neither grew homologously nor 
heterologously. 

All the remaining material was diagnosed as 
mammary tumor or as precancerous hyperplastic 
nodules. The tumor types seen were identical 
with those described and illustrated in the review 
of Dunn (26), with the exception of some solid 
acinar formations which were richly endowed 
with endothelial-lined sinuses. Dunn considers 
that most typical mammary tumors in the mouse 
usually evolve from a basic acinar type, and that 
such tumors cannot be divided into benign and 
malignant types, as all progress to become 
malignant. 

In tables 2-8, three main types of tumor or com- 
binations of these are indicated; acinar, cystic, 
and papilliform. Many were also hemorrhagic. 
In addition, two small tumors (Nos. 9 and 15, table 
2) were quite unorganized. Nos. 12 and 13 (table 
2) were classified as hyperplastic nodules, but both 
grew in a proportion of homotransplantations. 
No. 23.1 (table 7) acquired the structure of a 
hyperplastic nodule after partial excision and 
even possessed autonomy. 

The tumors were classified in much greater de- 
tail than is shown in the tables. Especial atten- 
tion was paid to the degree of organization. 
Acinar tumors, in particular, might have a well- 
defined structure throughout with patent lumina 
in the acini or show areas without definite acinar 
structure, or might generally fail to reproduce a 
glandular formation. Every transitional form 
was seen between those with typical acinar struc- 
ture and those with sheets of apparently anaplas- 
tic cells. However, no correlation was seen be- 
tween tumor histology and either speed of homol- 
ogous growth or exhibition of autonomy. This 
is in accord with the view that autonomy is not 
related to anaplasia or other morphologic features 
of a tumor (Greene (/4), Greene and Brown (27), 
Greene and Lund (4)). Haddow (28) also found 
no clear association between histologic structure 
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and growth rate in mammary tumors of mice. 
Metastases always showed heterologous growth. 
Histologically, these had a simpler structure than 
did the parent tumor, but this feature may be re- 
Jated to their duration rather than to indicate a 
basic difference. 

Figures 1 and 2 illustrate typical examples of 
homologous and heterologous growth. In each 
case, the same tumor is shown as it was in the 
original host and after a period of growth in 
“3H (homologous), C57 black, and guinea-pig 
(heterologous) eyes. 


DISCUSSION 


The foregoing results show that in the C3H 
spontaneous mammary tumor derived from a 
mouse with a solitary neoplasm, autonomy, as 
indicated by the ability to grow in alien strains 
and species, develops with progress of the tumor 
and is accompanied by an increased growth rate 
in homologous transplantation. 

In tumors derived from animals with multiple 
neoplasms, autonomy is not exhibited in a simple 
manner. In all three groups of multiple tumors 
examined (tables 5 and 6), the small neoplasms 
arose later than the large ones. In the pairs of 
tumors of the first group, the larger (or older) 
always had more autonomy than the smaller. 
This relation between autonomy and tumor age 
suggests that all tumors develop autonomy as 
they progress, regardless of whether their host 
later acquires a second neoplasm. Yet, as 75 
percent of animals developed multiple neoplasms 
by the end of their lives and as the average size 
of the first tumor at the time of appearance of 
the second was 1.1 cm., many of those listed as 
having solitary tumors would have acquired sec- 
ond primary tumors had they been undisturbed. 
In these tumors of the first group (tables 5 and 
6) homologous growth rates were in correspond- 
ence to the degree of autonomy. 

But in the second and third groups of animals 
with multiple neoplasms (tables 5 and 6), the old 
tumors had no more autonomy than the young 
ones; in fact, the latter were often autonomous 
while the former were not. The homologous 
growth rates varied in an uncorrelated fashion. 
All these old tumors fell into the class of large 
tumors that had always showed considerable au- 
tonomy as solitary lesions (tables 3 and 4). 


Autonomy may have appeared in them and then 
have been lost. Perhaps a second tumor usurps 
the autonomy of the first; perhaps loss of auton- 
omy by one tumor allows or encourages the de- 
velopment of a second neoplastic focus. 
Consequently, the history of the tumor con- 
cerned and of other neoplasms in the same host is 
intimately related to its ability to grow in alien 
strains and species. At least some fragments of 
solitary tumors over 0.45 cm. in diameter and of 
metastases always grew heterologously under ex- 
perimental conditions. The past history of the 
heterologous host, including its age, was impor- 


tant. Sex had no obvious influence. Dyer and 
Kelly (29), using an identical technique, failed to 


obtain heterologous growth with a spontaneous 
C3H mammary tumor transplanted into family 
13 guinea pigs. No history is given for the tumor. 
These authors report that other material, derived 
from lung metastases in a C3H mouse, was trans- 
planted into three stock guinea pigs. There was 
no growth. The age of the host animals was not 
recorded. 

When there was heterologous growth in both 
mice and guinea pigs, it was remarkably constant 
in course, commencing about the fifth day and 
ending soon after the tenth day. Regression and 
death of the heterologous tissue was always the 
ultimate phase. 

It is of interest to compare these findings with 
those of Greene and his co-workers. Most of their 
transplants were made into guinea pigs, and these 
were not of inbred strain. For a human fibrosar- 
coma, Greene (3) found 20 percent of takes at first 
passage, and growth commenced after a latent 
period of over a month. All transplants event- 
ually either regressed completely or regressed with 
subsequent renewal of growth and repetition of 
the cycle. There was no periorbital invasion. 
Greene and Lund (4), using 10 human tumors, 
found that all grew heterologously. Takes varied 
from 10 to 70 percent, and growth commenced be- 
tween the eleventh and ninetieth days. Growth 
was slow, the eye not being filled even after 3 
months. With other human tumors, Greene (2) 
obtained vascularization and subsequent growth 
after 2 months, with ultimate regression or 
persistence. 

With one rabbit tumor, Greene (6) obtained 
vascularization in 3 weeks and slow growth over a 
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Ficgtrke 1.—Metastasis of spontaneous mammary tumor 51. A, In the lung of the original host; and 8 days after trans- 
plantation into B, a C3H eye; C, a C57 blackeye; and D, a family 13 guinea-pig eye. 600. 
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Figure 2.—Metastasis of spontaneous mammary tumor 68. A, In the lung of the original host; and 8 days after trans- 
plantation into B, a C3H eye; C, a C57 black eye; and D, a stock guinea-pig eye. 600. 
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period of 2 years or faster growth resulting in 
the filling of the anterior chamber in a shorter 
period followed by regression and repetition of the 
cycle. With a second rabbit tumor, he found very 
fast growth, so that the anterior chamber was filled 
in 10 days. Complete regression was usual after 
this stage, but exceptionally the tumor grew on 
indefinitely and progressively. 

With a series of transplantable rat and mouse 
tumors, all being in passage at the time of use, 
Greene and Murphy (7) found that they often 
filled the eye in 10 to 20 days and then regressed. 
Usually, there were more than 50 percent takes. 
One tumor only showed persistent or progressive 
growth. Of six mammary tumors, only two grew 
heterologously. Greene (8), using tumors de- 
rived from C3H fibroblasts in tissue culture and 
transplanted intramuscularly in the mouse by 
Earle and Nettleship (30), found rapid growth. 
Vascularization occurred on the third day, and 
the anterior chamber was filled by the tenth day. 
after which there was usually regression. Takes 
in guinea pigs were 70 percent at first passage. 

Shrigley, Greene, and Duran-Reynals (9). us- 
ing the Rous sarcoma, found vascularization in 3 
days but growth to only two to six times the 
original area and persistence without further 
growth or regression, over 6 months. The same 
authors obtained similar heterologous growth 
with other avian tumors in guinea pigs (J@). 

Compared with that of tumors other than of 
rats and mice, the heterologous growth of C3H 
spontaneous mammary tumors is very ephemeral. 

Some confusion has arisen from the use of the 
term “progressive” in relation to heterologous 
growth, as recorded by Greene. He applied this 
term to tumors that, as mentioned previously, 
grow in the anterior chamber without regression 
throughout the life of the animal or for ap- 
preciable periods of observation, or that pass 
through repeated cycles of growth and regression. 
Such growth, compared with that of a homolo- 
gous transplant where the tumor perforates the 
eye and invades periorbital structures, growing 
as a homologous transplant in any other site 
without trace of regression, might not be univers- 
ally regarded as progressive. Such growth as 
Greene has obtained so often without complete 
ultimate regression might be termed “persistent.” 
It seems to be absent in rat and mouse tumors 


and may be related to the life span of the animals 
concerned. On the other hand, Greene found 
that some heterologous tumors invade periorbital 
structures, and this invasion, though rare, is 
obviously progressive growth in the usual sense. 

Presumably, regression of intraocular hetero- 
logous growth is caused by the development of 
antibodies by the host. Appel, Saphir, Janota, 
and Strauss (2/7) and Saphir, Appel, and Strauss 
(32) found that the anterior chamber of rabbits 
previously immunized to the Brown-Pearce carci- 
noma did not possess the resistance exhibited by 
the rest of the tissues of the animal. Cheever and 
Morgan (37), using the same tumor and the same 
animal, came to the opposite conclusion. Greene 
(34) obtained results similar to those of Cheever 
and Morgan with three other rabbit tumors. He 
pointed out the fallacy of the claim that the an- 
terior chamber has a blood barrier against anti- 
bodies as an explanation for the readiness of 
heterologous growth in that site. Where growth 
takes place in heterologous transplants, they be- 
come vascularized by the host and must be sub- 
jected to the immune bodies of that host. The 
brief experiments quoted (table 8), where trans- 
plants were made into C57 black mice that had 
been previously inoculated with C3H mammary 
tumors, are examples of the same immunity. 
Greene (8) considers that the anterior chamber is 
especially favorable for heterologous growth be- 
cause foreign-body reaction is delayed and mild, 
thus permitting the establishment of foreign- 
tumor material. In the current experiments, those 
tumors that did not grow on heterotransplanta- 
tion often remained alive as long as those that did 
grow actively. Immunity would appear to be in- 
voked in the host both by a growing and a non- 
growing heterotransplant. Autonomy, then, is 
not exhibited merely because of nonprovocation 
of immune reactions but because of a positive pos- 
session of growth energy. 

Greene found that a tumor growing hetero- 
logously in the eye could often be transplanted 
elsewhere in another animal of the same strain or 
species (e. g., intratesticularly), and that it would 
grow progressively there (3,7). He also showed 
that a given tumor, carried in serial passage 
through the guinea-pig eye, would show an in- 
crease to 100 percent of takes after the first few 
passages. This might well be since the immune 
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reaction elicited by first passage was more vig- 
orous, because of material extraneous to the tumor 
proper (blood cells, stroma) and inevitably trans- 
planted with it. Involved, too, would be survival 
of those cells of the tumor most able to grow heter- 
ologously and actual adaptation of these cells to 
the new host and to the stroma provided by it. 

In other papers (75-19), Greene showed that 
embryonic tissue is the only other type that ex- 
hibits autonomy. In unreported experiments of 
the present series, it was found that adrenals, 
testes, ovaries, and skin of 16- and 18-day C3H 
embryos established themselves and grew vigor- 
ously in the anterior chambers of the eyes of an 
alien strain. Apart from skin, the growth only 
continued for approximately 2 weeks, when slow 
regression and absorption commenced. In the case 
of the testes particularly, growth was grossly simi- 
lar to that of the vigorously growing heterotrans- 
plants from large solitary tumors of C3H mice. 
Evidence has been accumulated that the amount 
and duration of growth of embryonic endocrine 
tissues is influenced by the state of the host in re- 
gard to its own corresponding organs. Further 
work on this is in progress. 


SUMMARY 


The property of autonomy, as exhibited by the 
ability to grow in alien strains and species, was in- 
vestigated in spontaneous mammary tumors of 
C3H mice, the anterior chamber of the eyes of C57 
black and dba mice, guinea pigs, and rabbits being 
used. 

In solitary tumors, autonomy was not present in 


the very young neoplasm. It appeared gradually 
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with development of the tumor and reached a peak 
in old solitary tumors where metastasis might be 
expected. Metastases themselves always showed 
autonomy. 

The simple course of development of autonomy 
in solitary mammary tumors was upset by the 
appearance of other tumors in the same animal. 
Two such tumors might exhibit degrees of auton- 
omy in correspondence to their ages, show an 
equal degree of autonomy despite great differences 
of tumor age, or have autonomy in inverse rela- 
tion to age of the tumor. ‘ 

Autonomy might be increased or be unchanged 
after partial excision of a tumor. 

Growth rate in homologous transfer of solitary 
tumors corresponded to the degree of autonomy 
present. This relation was upset in multiple 
tumors, 

No correlation was found between histologic 
structure and autonomy or growth rate in 
homologous transfer. 

Grossly detected lesions of less than 0.2 em. in 
diameter were either squamous-cell metaplasia or 
adenomas. The former group often regressed and 
never progressed ; nor did they show autonomy or 
homologous growth. 

Autonomy was best shown in young recipient 
animals. Neither sex nor size of the transplant 
had an obvious effect. Autonomy was more uni- 
formly exhibited in animals of pure strain. 

Heterologous growth of C3H tumors was of 
much shorter duration but of the same character 
as that found by Greene and his co-workers for 
rarious human, rabbit, and avian cancers. Com- 
plete regression was always the ultimate fate of 
heterotransplants. 
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COMPARATIVE SUSCEPTIBILITY OF THE LYMPHOID TISSUES OF STRAIN (C57 
BLACK MICE TO THE INDUCTION OF LYMPHOID TUMORS BY IRRADIATION *? 


By Henry S. Kapian, M. D., radiologist, National Cancer Institute, National Institute of Health, United States Public 
Health Service* 


INTRODUCTION 


Opinion has long been divided as to whether 
lymphatic leukemias and lymphoid tumors arise 
from a single focus or organ and secondarily be- 
come disseminated, or arise simultaneously from 
multiple foci in different parts of the body. In 
a previously reported study of radiation-induced 
lymphoid tumors in mice (7), a few animals were 
fortuitously observed before the tumors which 
they developed had had an opportunity to spread. 
On histologic examination, they exhibited diffuse 
enlargement and invasion of one lobe of the thy- 
mus by tumor cells with no evidence of involve- 
ment of the opposite lobe, nor of any of the other 
lymphoid structures or internal viscera. The fur- 
ther observation was made, both in this study and 
in other investigations employing estrogens as 
leukemogenic agents (2), that the thymus is in- 
volved by the disease process far more often than 
the spleen or peripheral lymph nodes. It is likely 
that this is not true for all strains of mice or at 
all ages, and the work of Furth and Boon (3) in- 
dicates that such tumors induced by methylcho- 
lanthrene are likely to arise from other lymphoid 
foci. Nevertheless, these observations suggest that 
lymphoid tumors in irradiated mice tend to arise 
preferentially in the thymus gland and to remain 
localized in this structure for a brief but appre- 
ciable period. This paper reports the results of 
an experiment undertaken to test this possibility 
in a strain of mice known to be highly susceptible 
to the development of such tumors after roentgen 
irradiation, 

MATERIALS AND MT [0DS 


Strain C57 black mice* of both sexes and 1 
month of age were subjected to fractional whole- 
body irradiation on 12 consecutive days for a total 
dose of 1,008 r.2 At intervals of 1 to 414 months 
after the beginning of treatment, small groups of 
mice were killed and promptly autopsied under 
aseptic conditions. 

Certain lymphoid structures, after excision, were 
divided into two fragments, one of which was 


placed in 10 percent formalin for histologic sec- 
tioning and study, while the other fragment was 
placed in a sterile petri dish containing physiologic 
saline solution and used for bio-assay. A 13-gage 
trocar was used to implant the saline-moistened 
fragments subcutaneously into one or two un- 
treated young mice of the same strain. The tis- 
sues treated in this way were the right and left 
lobes of the thymus (individually), the spleen, and 
a lymph node from the axilla, groin, or mesentery. 
The peripheral blood and bone marrow were not 
subjected to microscopic study or bio-assay because 
previous experience with radiation-induced lym- 
phomas in this strain had indicated that they are 
apparently not involved until the preterminal 
stages of the disease. All other tissues of interest, 
including the lungs, liver, kidneys, adrenals, and 
gonads, were excised and fixed in formalin in the 
usual way for histologic study. 

The irradiated animals and the hosts in which 
their tissues were later implanted were all iden- 
tically caged and had free access to Purina dog 
chow checkers and water. The latter animals were 
maintained for 5 to 6 months after inoculation and 
observed regularly for the development of tumors 
at the site of implantation. When finally killed, 
each host animal was carefully autopsied, and 
tissues of interest were taken for histologic 
examination. 


RESULTS 


The results are summarized in table 1. Fifteen 
lymphoid tumors occurred in a net total of 28 


1 Received for publication January 9, 1948. 

? This work was carried out in the Department of Radiology, 
Yale University School of Medicine, with the aid of a grant from 
the Jane Ceffin Childs Memorial Fund for Medical Research. 

’ The technical assistance of Miss Audrey B. Schwanfelder is 
gratefully acknowledged. 

*The litters used in this experiment were obtained from strain 
C57 black breeders generously supplied from his colony by Dr. 
Leonell C. Strong, of the Department of Anatomy, Yale University 
School of Medicine. 

> Groups of four to six animals were irradiated in small, flat, 
eardboard boxes. The physical factors were: 125 kv., 5 m. a., 
30-em. mouse-target distance, 3-mm. Al added infiltration, 42 r 
per minute for a daily dose of 84 r measured in air at the skin 
level. 
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Taste 1.—Comparative frequency of involvement of lymphoid tissues by radiation-induced lymphoid tumor 


Interval 
between 
Group irradia- 
tion and 
autopsy 
Bio-assay 
{Histology 


to 


Bio-assay 
{Histology 
Bio-assay 

{ Histology 
Bio-assay 
4 {Histology 

| Bio-assay 
4 { Histology 

| Bio-assay 
{Histology 


Totals 


Bio-assay 


Lymphoid tumor present in 


Right lobe Left lobe symph | 
ofthymus ofthymus) 5Pleen node Other 
0 0 0 0 0 
( 0 0 0 
1 2 0 | 0 0 
0 0 0 0 
1 1 0 0 | 
2] 0 0 0 
2 2 0 0 0 
0 1 0 0 
3 4 0 0 ‘1 
1 0 0 0 
2 3 0 0 il 
0 0 0 0 
1 2 0 0 31 
0 0 0 0 
10 0 4 
2 1 0 0 


! Penetration of tumor through capsule into mediastinal soft tissues. 


? Thymic fragment positive on bio-assay but all tissues histologically negative for lymphoid tumor. 


) Solitary tumor focus in lung and mediastinal soft tissue invasion. 


mice. an incidence of 54 percent. In 12 instances, 
the tumor was apparent only on histologic study, 
while in 2 others both microscopic examination 
In the fifteenth in- 
stance, the bio-assay fragment from the right 
thymic lobe of 1 mouse gave rise within 1 month to 
a typical lymphoid tumor at the site of inoculation 
ina host animal, but the remainder of this lobe and 
all the other tissues revealed no histologic evidence 
of the tumor. 

The thymus was involved in all 14 histologically 
positive animals (figs. 1,2). The involvement was 
unilateral in + instances and bilateral in the other 
10. There was no histologic evidence of involve- 
ment of either the spleen or remote lymph nodes 
in any of the mice. The early and highly localized 
character of the tumors is indicated by the fact 
that extension beyond the thymic capsule into the 
mediastinal soft tissues occurred in only + animals, 
in one of which there was also a single focus of 
tumor in the lung. 


and bio-assay were positive. 


Moreover, the presence of a 
lymphoid tumor was not macroscopically detect- 
able in the thymus in the majority of the micro- 
scopically evident cases. 

The tumors were lymphocytic or lymphoblastic 
lymphomas histologically identical with those 
previously described in mice (2, 4). Detailed 
studies of the histogenesis of these tumors are in 
progress and will be the subject of a later paper. 


®° Three other animals died soon after irradiation and have been 
excluded from the results. 


The general architecture of the thymus was only 
slightly blurred in some mice, obliterated in others. 
The medulla could still be differentiated from 
the cortex in a few instances, although its margin 
was irregular in places where infiltration of is- 
lands or strands of tumor cells had occurred. In 
contrast, the cortices in all positive cases were 
almost completely replaced by densely packed, 
polyhedral tumor cells. In one animal), the thymic 
lobe on one side was completely filled by tumor 
while on the opposite side the involvement was 
largely limited to the cortex. 

The three positive bio-assays all arose from 
thymic fragments and vielded local subcutaneous 
tumors histologically identical with those demon- 
One of the 
tumors showed widespread dissemination through 


strated in the irradiated animals. 


the viscera of the host, another had apparently 
spread only to the spleen, and the third remained 
localized at the site of inoculation but invaded the 
adjacent muscle (fig. 3). It seems likely that a 
greater number of histologically proved tumors 
would have given rise to positive bio-assays if the 
thymic fragments had been large enough to per- 
mit inoculation of a greater number of host ani- 
mals. Moreover, improvement in technique might 
have increased the sensitivity of the method. 
Furth and his associates (3, 5, 6) intravenously 
injected cell suspensions of lymphoid tissues in 
Tyrode's solution with greater success. 
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Figure 1,—A, Normal thymus of a control mouse at 3 months of age showing sharply outlined border between the darker 
cortex and the abundant medulla; B, Central portion of enlarged thymic lobe of an irradiated mouse killed after 
105 days. Note encroachment of the large, darkly staining polygonal tumor cells upon the medulla and the lack 
of a discrete boundary between the medulla and the tumor-filled cortex. Both sections are approximately through 
the middle of the lobe. 310. 
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Figure 2.—A, Cluster of large lymphoid tumor cells around a small vessel in the medulla of a thymic lobe which was 
enlarged and extensively replaced by the tumor. 4435. B, Cords and strands of tumor cells infiltrating the thymus, 
isolating small nests of epithelial cells and other normal elements. 300. 
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was Figure 3.—Lymphoid tumor infiltrating subcutaneous tissue and muscle 1 month after inoculation of a thymic fragment 
nus, into young control mouse for bio-assay. The histologic appearance of the original thymic fragment is shown in 


figure 2, A. Hematoxylin-and-eosin stain. A, X 285; B, X Sv. 
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DISCUSSION 


Confirming the author’s previous incidental ob- 
servations (/), these results clearly establish the 
fact that lymphoid tumors developing in irradi- 
ated young mice of this strain regularly make their 
first appearance in the thymus gland. Their dis- 
semination is a secondary phenomenon, with di- 
rect extension to the adjacent mediastinal soft 
tissues and to the lungs usually preceding histo- 
logic involvement of distant lymphoid structures. 

These findings are incompatible with the 
theory that lymphoid tumors and the closely re- 
lated lymphatic leukemias are, from their incep- 
tion, systemic diseases of the lymphoid tissues. 
Instead, it would appear that these lesions are 
initially monocentric * neoplastic processes, dif- 
fering biologically from other neoplasms chiefly 
in their greater ability to invade the blood stream 
and in their striking capacity for dissemination. 

Certain variables, however, such as genetic 
constitution, age, and type of leukemogenic agent, 
seem to condition the relative susceptibility of 
the various lymphoid structures as sites of origin 
of lymphoid tumors. Thus, after irradiation, 
mice of strains A and C57 black develop predomi- 
nantly thymic tumors after a relatively short 
latent period (7), while strain CBA mice develop 
primarily splenic leukemias with about the same 
frequency but much later in life* Gardner, 
Dougherty, and Williams (2) found that about 80 
percent of the lymphoid tumors which developed 
in mice of seven inbred strains after treatment 
with estrogens or steroid hormones involved the 
thymus and mediastinal structures, often without 
definite invasion of the extrathoracic organs. 
Conversely, although the thymus does not appear 
to have been studied, the work of Potter, Victor, 
and Ward (7) on the histogenesis of spontaneous 
leukemias in the highly susceptible strain C58 
points toward the lymph nodes and _ periportal 
areas of the liver as the sites of origin of the retic- 
ular hyperplasia which they believe to be the 
precursor of frank leukemia in this strain. 

That the agent employed may influence the time 
and site of origin of mouse lymphomas is indi- 
cated by the work of Furth and his associates (3, 
6) who utilized bio-assays and histologic exami- 
nation, as well as removal of the thymus or spleen, 
in studying this problem. They found that many 
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of the spontaneous lymphomas of the susceptible 
Ak stock apparently arise in the thymus and are 
effectively prevented by thymectomy but not by 
splenectomy. In contrast, no definite predilection 
for the thymus was observed in hybrid mice 
painted with methylcholanthrene, and the in- 
volvement of the thymus, spleen, bone marrow, 
and blood stream coincided so closely in time that 
it was not possible to conclude whether the disease 
was monocentric or multicentric under these cir- 
cumstances, 

For any one agent and strain, the predilection 
of lymphoid tumors for the thymus seems to be- 
come less marked with increasing age. Kirsch- 
baum and Strong (3) found that mediastinal 
lymphosarcomas were relatively less frequent 
after 300 days of age in the high-leukemia F 
strain. Lorenz and associates® found that the 
earliest lymphomas occurring in hybrid mice 
chronically exposed to gamma radiation were pre- 
dominantly mediastinal, while those appearing 
later tended to involve the spleen or lymph nodes 
more frequently. Detailed comparative studies 
of the growth curve and time of involution of the 
thymus in different strains of mice may be of 
assistance in interpreting such results. 

The susceptibility of the thymus is relative 
rather than absolute, even for a particular strain 
and agent. Thymectomy of mice susceptible to 
either spontaneous (8, 4) or radiation-induced 
lymphoid tumors results in a marked reduction in 
incidence, but some animals ultimately develop 
neoplastic foci which are apparently primary in 
the spleen or lymph nodes. It appears, therefore, 
that these other lymphoid tissues are also capable 
of responding to leukemogenic agents, but their 
response is usually slower and is therefore masked 
by the prior development of lymphoid tumors in 
the thymus with resulting death of the animals. 

Finally, it may be mentioned that the apparently 
monocentric evolution of lymphoid tumors in 
laboratory animals is not without a clinical coun- 
terpart. Recently Bichel (J/) reported 4 human 
cases and reviewed 118 others in the literature, in 
which a large anterior mediastinal tumor was 

7As used here, the term “monocentric” refers to origin within 
a single organ but not necessarily from a single focus in that 
organ. 

KIRSCHBAUM, A: Personal communication. 


® LoRENz, E: Personal communication. 
KAPLAN, H. S.: Unpublished observations. 
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clinically associated with frank leukemia, usually 
of rather acute character. The initial symptoms 
were often referable to the mediastinal mass, and 
the blood picture in many cases was normal at 
first but became leukemic terminally or after 
‘adiation therapy had been administered to the 
mediastinum. He concluded that— 

from the study of these cases, one gets the impression that 
the mediastinal tumor in many of them has existed for 
some time as an isolated affection, whereupon there sud- 


denly occurred an emigration of these tumor cells into the 
blood stream. 


SUMMARY 


Young mice of strain C57 black were killed at 
successive intervals after fractional whole-body 
irradiation, and the lymph nodes, spleens, and 
thymus glands were subjected to gross and his- 
tologic examination and to bio-assay. Fifteen of 
twenty-eight mice (54 percent) developed lym- 
phoid tumors within 57 to 135 days after the begin- 


ning of irradiation. Most of the tumors were 
confined to the thymus gland, in 4 instances to just 
1 lobe, and in no case had the disease spread out- 
side of the thorax. The only positive bio-assay 
arose from three thymic tissue fragments, one of 
which came from a mouse that revealed no his- 
tologic evidence of a lymphoma. 

It is evident that lymphoid tumors in irradiated 
young mice of this strain regularly make their first 
appearance in the thymus gland and secondarily 
spread to the mediastinum and lungs before in- 
vading distant lymphoid structures. It is, there- 
fore, concluded that such lymphoid tumors are 
initially monocentric in origin, differing biologi- 
‘ally from other neoplastic processes chiefly in 
their greater ability to disseminate and to invade 
the blood stream. Some of the factors which ap- 
pear to modify the relative susceptibility of the 
lymphoid tissues to leukemogenic agents are 
discussed. 
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ABSTRACTS? 


The Role of Andrc gen in Declining Regenerative Ca- 
pacity of Platypoecilus maculatus Gonopodium (During 
Morphogenesis), by Clifford Grobstein. J. Exper. Zool. 
106: 313-344 (1947). 

An analysis of the role of androgen in the declining 
regenerative capacity of the Platypoecilus maculatus 
gonopodium during its morphogenesis is reported. It is 
shown that anal-fin regeneration in the adult female can 
be inhibited by administration of methyl testosterone, but 
only if administration is begun sufficiently prior to ampu- 
tation to permit the fin to reach the differentiative phase 
of its morphogenesis. Castration of the adult male fails 
to restore regenerative capacity, although a slight but 
significant improvement of regeneration is noted. Simi- 
larly, the fully masculinized female fins do not recover re- 
generative capacity even though androgen is withdrawn, 
although some improvement is noted. It is concluded that 
androgen through its morphogenetie effect on the anal fin 
is the precipitating agent in the decline of its regenerative 
capacity. The effect once exerted persists following with- 
drawal of androgen but is reinforced by the continued pres- 
ence of the hormone during the regenerative course. The 
role of thyroid in the decline of regenerative capacity of 
the anuran limb is discussed in the light of these facts. 


Note on the Ultraviolet Absorption Spectra of Keto 
Acids and of Keto Acid Peptides, by Maurice Errera and 
Jesse P. Greenstein. Arch. Biochem, 15: 445-448 (1947). 

In solution at pH <10, pyruvic acid possesses an ab- 
sorption maximum at 3300A while pruvoylglycine pos- 
sesses maxima at 2400A and at 34004. At pH >10, the 
absorption maxima for both compounds disappear. When 
the pH is restored to <10, the original absorption curve of 
pyruvic acid is restored, whereas the curve for pyruvoyl- 
glycine does not change. 

Extension of these spectrophotometrie studies to phe- 
nylpyruvie acid and to phenylpyruvoylglycine showed that 
at pH 7.0, phenylpyruvic acid possesses a band at 28504 
and phenylpyruvoylglycine at 25004. When the solutions 
are brought to pH 11.5, the spectra of both compounds 
alter, to yield a characteristic absorption with a mavxi- 
mum for both compounds at 32504. When the solutions 
are brought back to pH 7.0, the spectra revert to their orig- 
inal forms. 

The alkalinization of pyruvie acid, of phenylpyruvic 
acid, and of phenylpyruvoylglycine is reversible, that of 
pyruvoylglycine is irreversible. In the Case of the last- 
mentioned compound, it is believed that treatment with 
alkali results in ring closure with the formation of a y- 
hydroxypyrrolidone carboxylic acid. 


Effect of Various Keto Acids on the Desamidation of 
Glutamine, by Maurice Errera and Jesse P. Greenstein. 
Arch. Biochem. 15: 449-457 (1947). 


1 Beginning with this issue of the Journal of the National 
Cancer Institute, abstracts of papers, written by members of the 


staff and appearing in outside publications, will appear in the 
Journal. 


Added pyruvic acid to liver digests of glutamine or 
asparagine resulted in an acceleration of desamidation 
of these amino acid amides. The present work was con- 
cerned with the effect of other keto acids on the desami- 
dation of glutamine at various concentrations of the 
acids. For further comparison, lactic acid was also 
studied. 

Pyruvic acid, phenylpyruvic acid, pyruvoylglycine, 
phenylpyruvoylglycine, a-ketoglutaric acid, and levulinie 
acid were each incubated at different concentrations with 
glutamine and rat-liver extracts. Of these, only pyruvic 
acid and phenylpyruvie acid produced an appreciable aug- 
mentation in desamidation of the glutamine, the former 
with a maximum effect at a ratio of 3 moles to 1 of 
glutamine, and the latter with a maximum effect at a 
ratio of 1 mole to 1. Lactic acid produced no augmenta- 
tion. At the end of the incubation period, all the keto 
acids, irrespective of whether they increased the desami- 
dation of glutamine or not, could be recovered quantita- 
tively, as measured by the absorption spectra in the visible 
region of their 2:4 dinitrophenylhydrazones. In the case 
of those digests containing the keto acids which yield small 
amounts of ammonia N from glutamine (keto-glutaric acid, 
pyruvoylglycine, ete.), such apparently negative results 
might have been due to the possible taking up of ammonia 
from glutamine by the keto acids. The finding that all 
the keto acids could be nearly quantitatively recovered 
disposes of the possibility, and the inference is certain, that 
such keto acids simply have little or no effect on the 
desamidation of glutamine. 

The accelerating effect of pyruvic acid on the desami- 
dation of amino acid amides is apparently confined only to 
glutamine, asparagine, and chloroacetylglutamine, since 
the desamidation of isoglutamine and of peptides of 
asparagine was not affected by this keto acid. Further- 
more, the effect was noted only with liverrand not with any 
other tissue studied. 


Dehydropeptidase Activity in Animal and Plant Tissues, 
by Vincent E. Price and Jesse P. Greenstein. J. Biol. 
Chem. 171: 477-491 (1947). 

Earlier work from this laboratory on dehydropeptidase 
activity is supplemented and extended along the following 
lines: (1) By reporting the susceptibility of a wide variety 
of dehydropeptides, some of them new, to enzymatic hy- 
drolysis by a number of animal and plant tissues and by 
human serum: (2) by describing the characteristic ab- 
sorption spectra of dehydropeptides of phenylalanine in 
the ultraviolet, and a method based upon this character- 
istic absorption of following the enzymatic hydrolysis of 
these dehydropeptides ; and (3) by describing a new syn- 
thesis of N-chloroacylated peptides of dehydroalanine. 

When chloroacetonitrile or dl-a-chloropropionitrile is 
mixed with an equivalent amount of pyruvic acid, nothing 
apparently happens. When the mixture is saturated with 
dry HCl gas, a strongly exothermic reaction occurs, and 
erystals of chloroacetyldehydroalanine dl-a-chloro- 


propionyldehydroalanine, respectively, separate. These 
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peptides are purified by crystallization from acetone. On 
treatment with an excess of ammonia saturated at 0° C., 
glycyldehydroalanine and dl-alanyldehydroalanine are 
formed in the crystalline state. The ultraviolet absorption 
spectra of these compounds are identical with those noted 
earlier by Carter and Greenstein, i. e.. a characteristic ab- 
sorption with a maximum at 2400A, The absorption spec- 
tra of the aliphatic dehydropeptides are thus practically 
independent of the nature of the acyl radical. The absorp- 
tion spectra of the corresponding saturated peptide 
analogs, namely, acetylalanine, chloroacetylalanine, and 
glycylalanine, are also independent of the nature of the 
acyl radical and possess a smaller and only general ab- 
sorption in the ultraviolet. 

The absorption spectra in the ultraviolet of acetylde- 
hydrophenylalanine, chloroacetyldehydrophenylalanine, 
and glyeyldehydrophenylalanine are quite different in 
shape from those of the aliphatic dehydropeptides, pos- 
sesssing a maximum at about 27504. The corresponding 
saturated peptides of phenylalanine possess an absorption 
maximum at 26004, 

The dehydropetides are catalytically hydrolyzed in 
tissues by dehydropeptidases to products which include 
equivalent amounts of ammonia and keto acid. This 
activity can be followed (1) chemically, by measuring the 
rate at which ammonia and keto acid are produced, and 
(2) spectrophotometrically, by measuring the rate at 
which the dehydropeptide bond is split through the pro- 
gressive loss in the characteristic absorption of the sub- 


strate in the ultraviolet. Both methods yield nearly 
identical and parallel results. 

dl-Alanyldehydroalanine, glyeyldehydroalanine, glyeyl- 
lehydrophenylalanine, dl-a-chloropropionyldehydroalanine, 
chloroacetyldehydroalanine, chloroacetyldehydrophenyl- 
alanine, acteyldehydroalanine, and acetyldehydrophenyl- 
alanine were each incubated with homogenates of rat 
kidney, liver, spleen, brain, muscle, and pancreas, with 
yeast, beans, mushrooms, and sweetpea seeds. dl-Alanyl- 
dehydroalanine and glycyldehydroalanine were hydrolyzed 
by all tissues, the former to one-half of the racemic mix- 
ture. Glyeyldehydrophenylalanine ras more weakly 
hydrolyzed in all rat tissues except muscle where it 
was not affected at all, and only in mushrooms of the 
plant tissues studied. Chloroacetylehydroalanine and 
chloropropionyldehydroalanine were hydrolyzed in kidney, 
liver, and pancreas, while chloroacetyldehydrophenyl- 
alanine and acetyldehydrophenylalanine were not split by 
any tissue studied. 

Human serum readily hydrolyzed dl-alanyldehydro- 
alanine and to a lesser degree glycyldehydroalanine and 
chloroacetyldehydroalanine. 

Possible modes of origin of the dehydropeptides include 
(1) the desulfuration of cystine in cystine peptides, 
(2) the a-a dehydrogenation of amino acids (except 
glycine) by oxygen when these amino acids are at the 
carboxyl end of the peptide chain, (3) the condensation 
of amino acid amides with pyruvie acid, and (4) the 
splitting of a, 8-di(acylamino )-propionie acids, 
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